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1.0  INTRODUCTION 


This  report  is  intended  as  a  technical  overview  of  the  algorithms  used  in  NMAP  6.1  to 
calculate  noise  exposure.  Most  of  these  algorithms  were  developed  during  the  inception  of  the 
NOISEMAP  program  which  was  conceptually  outlined  by  Dr.  William  Galloway  in  1974.'  Some 
of  the  algorithms,  such  as  the  new  NMAP  6.1  lateral  attenuation  model  and  the  SAE  lateral 
attenuation  models,  are  recent  additions  to  NOISEMAP. 

NOISEMAP  was  the  name  given  to  the  FORTRAN  program,  developed  for  the  Air  Force 
in  the  mid  1970’s,  to  calculate  aircraft  noise  exposure.  This  FORTRAN  program  is  now  called 
NMAP  6.1  (the  6.1  being  the  current  version  number),  and  the  term  NOISEMAP  now  refers  to  a 
suite  of  programs  that  includes  several  supplemental  programs  such  as  OMEGA  10.7  and  OMEGA 
1 1.3,  and  "new"  programs  (circa  1989)  such  as  BASEOPS,  MCM,  and  NMPLOT.  The  OMEGA 
10.7  and  1 1.3  programs^  perfomi  the  propagation  extrapolations  on  the  reference  aircraft  noise 
spectra  in  the  NOISEFILE  6.2  database  and  provide  as  output  the  single  event  noise  descriptors 
that  NMAP  6.1  requires  for  its  calculations.  The  BASEOPS  program^  allows  interactive  entry  of 
the  airbase  operations  and  airfield  data  for  NMAP  6.1  noise  contour  calculations.  The  airba.se 
operations  data  from  BASEOPS  are  then  filtered  by  the  Master  Control  Module  (MCM)  program'* 
which  creates  the  NMAP  6.1  input  file  (NMI).  The  NMI  file  is  a  processing  template  which  is  a 
combination  of  processing  instructions  and  reference  data  that  drives  the  NMAP  6.1  contour 
calculations.  After  the  contour  calculations  are  complete  the  NMPLOT  program^  is  used  to  plot  the 
resulting  contours  along  with  user  selectable  airbase  infomiation  that  are  entered  into  BASEOPS. 

The  NMAP  6.1  program  is  an  effective  method  of  determining  noise  exposure  due  to 
aircraft  operations,  and  includes  both  military  and  civilian  aircraft  in  its  aircraft  reference  noise 
database.  This  report  provides  detailed  information  on  the  crucial  and  core  algorithms  relating  to 
noise  exposure  calculations  so  that  current  users  can  have  a  better  technical  understanding  of 
NMAP  6.1,  and  that  future  developers  of  NOISEMAP  will  have  an  adequate  foundation  for 
extending  the  program. 

Section  2.0  of  this  report  provides  the  details  on  all  of  the  noise  exposure  calculations  in  the 
NMAP  6.1  program.  These  noise  exposure  calculations  are  the  end  product  of  a  series  of  opera¬ 
tions  that  include  flight  segmentation,  determining  w'hen  and  where  specific  noise  modules  apply 
(e  g.,  takeoff  roll  model,  altitude  thrust  correction,  airspeed  correction  and  user-entered  sound 
level  adjustments),  grid  searching,  and  finally  the  the  noise  exposure  calculations  themselves.  The 
bulk  of  NMAP's  time  is  spent  processing  flyover  operations  because  of  the  complexity  of  the 
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geometry  involved  and  the  complexity  of  the  merged  flight  segments.  Runup  operations  on  the 
other  hand,  are  much  simpler  in  comparison  because  of  their  simpler  geometry  and  the  fact  that 
they  are  single  power  setting  operations.  Included  at  the  end  of  many  sub-sections  in  Section  2.0 
are  the  results  of  a  sample  case  which  are  intended  to  show  how  each  algorithm  has  been 
implemented  in  MNAP  6.1.  Section  3  covers  some  of  the  unique  features  of  NMAP  6.1. 
Included  in  this  section  is  the  complete  sample  calculation  with  all  the  supporting  data,  and  a 
sample  contour  plot.  Also  included  in  Section  3  are  tables  of  all  of  the  aircraft  that  have  reference 
noise  data  in  the  NOISEFILE  6.2  database.  This  database  currently  holds  304  aircraft  flyover,  398 
aircraft  runup,  and  220  civil  aircraft  noise  spectra.  Appendix  A  contains  a  program  flowchart  of 
NMAP  6.1,  and  Appendix  B  contains  a  summary  of  all  of  the  subroutines  and  common  blocks  in 
the  NMAP  6.1  program. 
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2.0  NOISEMAP  NOISE  CALCULATIONS 

2.1  Noise  Descriptors 

The  noise  descriptors  used  for  noise  exposure  calculations  are  the  following; 

DNL  -  Day-Night  Average  Sound  Level, 

CNEL  -  Community  Noise  Equivalent  Level, 

NEF  -  Noise  Exposure  Forecast, 

WECPNL  -  Weighted  Equivalent  Continuous  Perceived  Noise  Level. 

These  descriptors  cover  a  broad  range  of  analysis  requirements  for  land  use  planning  in  the  United 
States,  Canada  and  Europe,^  with  NEF  being  used  in  Canada  and  the  WECPNL  metric  being 
predominantly  if  not  exclusively  used  in  Europe. 

The  DNL  metric  is  the  default  metric  used  by  the  MCM  program  when  compiling  th.;  input 
file  for  the  NMAP  6.1.  However,  any  of  the  other  metrics  can  be  chosen  by  making  a  selection  in 
the  MCM's  RUN-Run  options  menu. 

2.1.1  Dav-Night  Average  Sound  Level  (DNLl 

The  DNL  descriptor  is  based  on  the  energy  averaged  A-weighted  sound  level  integrated 
over  a  24  hour  period,  with  a  penalty  applied  to  night-time  operations  between  2200  hrs  and  0700 
hrs  local  time.  NMAP  6. 1  uses  the  following  relationships  to  determine  DNL  exposure: 

FLYO\TR: 

Ldn  =  Le  +  10  •  logio(Nday  +  10  •  Nnighi)  -  49.4 
RUNUP: 

Ldn  =  La  +  10  •  logio(Nday  •  t  +  10  •  Nnighi  *  0  -  49.4 


where  Ldn 

=  Day-Night  Average  Sound  Level  (DNL) 

Le 

=  Sound  Exposure  Level  (SEL)  in  dB, 

La 

=  A-weighted  sound  level  in  dB, 

Nday 

=  number  of  operations  (takeoff  or  landing)  between  0700  hrs  and  2200 
hrs  local  time. 

Nnight 

=  number  of  operations  (takeoff  or  landing)  between  2200  hrs  and  0700 
hrs  local  time. 

and  t 

=  the  runup  duration  in  seconds. 
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The  SEL  values  are  interpolated  from  tables  of  SEL  values  versus  distance  generated  by  the 
OMEGA  10.7  program.  The  OMEGA  10.7  program  uses  22  distances  starting  at  200  ft  and 
ending  at  25,000  ft  in  increments  based  on  one-third  octave  ratios,  i.e.,  200  ft,  250  ft,  315  ft,  400 
ft,  etc.  The  SEL  values  are  generated  for  air-to-ground  and  giuund-to-ground  sound  propagation 
conditions  at  each  of  the  one-third  octave  distance  increments.  The  OMEGA  10.7  program  also 
corrects  the  reference  noise  spectra  which  are  expressed  in  terms  of  the  standard  day  conditions, 
for  local  temperature  and  humidity  (see  Section  2.7.1). 

The  SEL  values  that  are  calculated  by  OMEGA  10.7  are  extrapolated  from  the  Air  Force's 
reference  noise  data  file,  NOISEFILE  6.2,  which  contains  one-third  octave  band  spectra  of  aircraft 
noise  normalized  to  a  1000  ft  distance  at  standard  day  temperature  and  humidity,  and  sea  level 
altitude.  The  reference  database  noise  spectra  cover  a  wide  range  of  military  and  civilian  aircraft  at 
selected  engine  power  settings  and  flight  conditions.  These  are  processed  by  OMEGA  10.7  to 
provide  the  SEL  values  at  the  required  set  of  distances,  airbase  meteorological  conditions  and 
aircraft  flight  conditions  (engine  power  settings  and  airspeed)  for  the  two  propagation  conditions 
(air-to-ground  and  ground-to-ground)  as  mentioned  before.  This  procedure  is  described  in  more 
detail  in  Reference  2.  The  OMEGA  10.7  tabulations  of  SEL  values  are  subsequently  included  as 
part  of  the  NMAP  6.1  input  file  compiled  by  the  MCM  program. 

The  values  of  A-weighted  Sound  Level,  AL,  which  are  used  to  estimate  noise  exposures 
from  aircraft  or  engine  ground  runup  tests,  are  similarly  calculated  at  a  set  of  one-third  octave 
distances  from  200  ft  to  25,000  ft  by  means  of  an  OMEGA  1 1.3  program.  The  OMEGA  1 1.3 
program  accesses  ground  runup  reference  noise  spectra  in  NOISEFILE  6.2  for  specific  aircraft  or 
engine  test  facility  operating  at  selected  engine  power  settings.  OMEGA  1 1.3  then  generates  a 
table  of  AL  values  for  the  required  set  of  ground-to-ground  propagation  distances  and  azimuth 
angles  relative  to  the  aircraft  or  test  facility's  forward  axis.  This  process  is  also  descr.  jed  in  detail 
in  Reference  2. 

For  both  the  flyover  and  runup  events,  the  number  of  operations  and  runup  duration  are 
entered  into  the  BASEOPS  program  and  are  carried  through  the  MCM  into  the  NMAP  input  file. 

2.1.2  Community  Noise  Equivalent  Level  (CNEL) 

The  CNEL  descriptor  is  similar  to  DNL  except  that  there  is  an  additional  penalty  for 
operations  occurring  between  the  evening  hours  of  1900  and  2200  hrs.  This  breaks  the  number  of 
noise  exposure  periods  in  24  hours  into  three  time  periods,  i.e.,  0700-1900,  1900-2200,  and 
2200-0700  hrs.  The  CNEL  was  initially  developed  by  the  State  of  California  as  the  standard  to  be 
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used  for  noise  planning  and  analysis  around  airports,  but  is  also  used  for  environmental  analysis  of 
other  sources  of  noise.  NMAP  6. 1  uses  the  following  relationships  to  determine  CNEL  exposure: 

FLYOVER: 

Lcne  =  Le  +  10  •  logio(Nday  +  3  •  Neve  +  10  •  Nnighi)  -  49.4 
RUNUP: 

LcnE  =  La  +  10  •  logjoCNday  •  t  +  3  •  Neve  *  t  +  10  •  Nnighi  *  t )  -  49.4 
where  Lcne  =  Community  Noise  Equivalent  Level 

Neve  =  number  of  operations  between  1900  hrs  and  2200  hrs. 

All  the  other  parameters  are  as  listed  for  DNL. 

2.1.3  Noise  Exposure  Forecast  (NEFl 

The  NEF  descriptor  is  based  on  the  Effective  Perceived  Noise  Level  (abbreviated  EPNL,  with  the 
letter  symbol  Lepn.  as  a  time-integrated  single  event  descriptor)  and  the  non-time  integrated,  tone- 
corrected  Perceived  Noise  Level  (abbreviated  PNLT,  with  a  letter  symbol  Lpnt,  as  the  descriptor 
for  instantaneous  noise  levels).  NMAP  6.1  uses  the  following  relationships  to  determine  NEF 
exposure: 

FLYOVER: 

NEF  =  Lepn  +  10  •  log|o(Nday  +  16.67  •  Nnighi)  -  88.0 
RUNUP: 

NEF  =  LpNT+  10  •  logio(Nday  *  t  +  16.67  •  Nnighi*  t) '  98.0 
where  Lepn  =  Effective  Perceived  Noise  Level, 

LpNT  =  Perceived  Noise  Level,  Tone- Corrected 
and  the  other  parameters  are  as  listed  as  for  DNL. 

The  EPNL  value  is  obtained  from  tables  of  EPNL  flyover  noise  versus  one-third  octave 
distances,  corrected  for  temperature  and  humidity.  These  tables  are  generated  by  the  OMEGA  10.7 
program  in  a  similar  manner  as  described  for  the  DNL  calculations.  The  PNLT  values  are  obtained 
from  PNLT  versus  one-third  octave  distances  generated  by  the  OMEGA  1 1.3  program,  also  as 
described  for  the  DNL  calculations. 
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2.1.4  Weighted  Equivalent  Continuous  Perceived  Noise  Level  rWECPNLl 


The  WECPNL  descriptor^  is  based  on  PNLT  and  is  used  frequently  in  Europe.  In  the 
NMAP  6.1  program  WECPNL  is  implemented  as  a  three  period  day.  NMAP  6.1  uses  the 
following  relationships  to  determine  WECPNL  exposure: 

FLYOVER: 

WECPNL  =  Lepn  +  10  •  logio(Nday  +  3  •  Ncvc  +  10  •  Npighi)  *  39.4 
RUNUP: 

WECPNL  =  LpNT  +  10  •  logio(Nday  •  t  +  3  •  Ncvc  *  t  +  10  •  Nnighi  *  0  -  49.4 

where  Lepn  ^nd  Lpnt  are  defined  as  for  NEF  above,  and  Njay,  Ncvc  and  Npighi  are  day, 
evening  and  night  operations  respectively. 

The  Lepn  and  Lpnt  values  are  obtained  as  described  for  the  NEF  descriptor. 

2.2  Flight  Segment  Addition  and  the  Effects  on  Grid  Exposure 

2.2.1  The  Flight  Segmentation  Concept 

One  of  the  first  major  operations  that  NMAP  performs,  when  processing  the  input  file,  is  to 
formulate  a  three-dimensional  model  of  the  aircraft  flight  parameters  entered  into  the  NMAP  input 
file  (NMI  file).  This  aircraft  flight  profile  model  is  constructed  from  the  power,  altitude  and 
ground  track  coordinates  which  are  entered  as  separate  profiles  in  the  NMI  file.  NMAP  6.1  (and 
all  previous  versions  of  the  program)  used  this  segmentation  scheme  in  order  to  model  the 
geometry  of  the  aircraft  operations. 

NMAP  6.1  uses  these  three  profiles,  as  stated  before,  to  build  one  flight  profile  based  on 
the  three  parts.  The  final  aircraft  flight  profile  is  based  primarily  on  a  power  profile  with  the 
altitude  and  ground  track  profiles  being  used  to  further  segment  the  merged  flight  profile.  When 
the  aircraft  flight  profile  has  been  merged,  it  will  have  all  the  coordinates  from  the  power  profile  as 
well  as  any  of  the  unique  coordinates  that  may  exist  in  the  altitude  and  ground  track  profiles. 

The  specifics  of  the  segmentation  scheme  are  as  follows: 

(1)  Elements  of  the  power  profile  are  used  as  the  primary  coordinates  of  the  merged  flight 
profile; 
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(2)  any  additional  coordinates  in  the  altitude  and  ground  track  profile  that  do  not  coincide  with 
coordinates  at  which  changes  in  the  power  profile  are  made,  are  added  to  the  emerging 
flight  profile; 

(3)  the  emergent  flight  profile  is  then  an  accumulation  of  all  the  distinct  segments  in  the 
altitude,  power  and  ground  track  profiles. 

At  this  point  three  terms  need  to  be  specifically  defined. 

•  Merged  flight  profile:  A  merged  flight  profile  is  the  resultant  combination  of  all  the 
segments  of  power,  altitude  and  ground  track  profiles. 

•  Flight  segment:  A  flight  segment  can  be  considered  as  the  power  segment,  or  that  portion 
of  the  flight  profile  that  is  dominated  by  a  particular  power  setting. 

•  Subfilght:  one  or  more  subflights  may  occur  within  a  flight  segment  which  are 
contributions  from  the  altitude  and  ground  track  profiles.  These  subflights  may  occur 
wherever  there  are  changes  in  the  altitude  and  ground  tracks,  such  as  altitude  changes  or 
turns,  that  do  not  coincide  with  changes  in  the  power  profile. 

2.2.2  Flight  Segment  Addition 

By  segmenting  the  flight  profile  the  problem  now  arises  of  maintaining  a  continuum  where 
the  individual  flight  segments  come  together.  This  problem  is  handled  by  the  grid  searching 
algorithm  (as  outlined  in  section  2.3.2).  To  synopsize  this  algorithm,  in  the  context  of  addition  of 
the  segmented  flight  path,  the  following  points  can  be  made: 

(1)  The  search  for  grid  points  of  significant  noise  exposure  are  always  conducted  from  the 
beginning  and  midpoints  of  each  flight  segment. 

(2)  The  grid  point  search  extends  both  forwards  and  backwards  from  the  beginning  and 
midpoints  of  each  segment,  and  ends  when  the  calculated  exposure  falls  below  the 
exposure  cutoff  value  or  the  grid  boundary  is  encountered. 

(3)  The  contributions  from  each  of  the  segments  are  cumulatively  added  to  the  total  grid  point 
exposure,  but  only  if  the  calculated  (new)  noise  exposure  is  above  the  exposure  cutoff 
value. 

In  this  way  the  exposure  contributions  from  each  of  the  segments  are  added  together  to  maintain 
continuity. 
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2.2.3  Effects  on  Grid  Exposure 


The  exposure  at  any  grid  point  is  a  cumulative  sum  of  all  of  the  contributions  of  all  of  the 
segments  in  the  merged  flight  path.  This  can  be  expressed  mathematically  for  any  one  grid  point 
as: 

^SC2 

Grid  Point  (x)  Exposure  =  ZEsegi  (1) 

i=l 

where  nscg  =  the  number  of  segments  for  a  given  flight, 

EsEGi  =  the  calculated  exposure  for  the  ith  segment  in  terms  of  energy,  i.e., 
]0(LEseg/iO)  Qj.  ]Q(LEPNscg/iO)  Note  also  that  the  segment  exposure  is 
itself  the  sum  of  all  the  subflight  noise  exposures  within  each  segment. 

2.3  Grid  Points  -  Layout  and  Spacing 

2.3.1  Noise  Grid  Layout 

The  grid  of  noise  observer  locations  that  NMAP  6.1  uses  to  generate  noise  contours  is 
shown  in  Figure  1 .  The  grid  is  100  by  100  points  square  and  is  not  resizable  nor  can  it  be  rotated. 
The  grid  spacing  is  variable,  however,  thus  allowing  a  coarse  or  refined  contour  analysis  and  to 
allow  coverage  over  larger  land  areas.  The  grid  origin  (or  airfield  origin)  is  also  relocatable  relative 
to  the  airfield  runw  a)  s  thus  allowing  some  optimization  (or  weighting)  for  areas  around  the  airbase 
that  have  a  larger  volume  of  operations.  The  grid  is  always  aligned  with  a  true  north  orientation. 

At  the  default  grid  spacing  of  1000  feet  (304.8  meters)  the  length  of  each  side  of  the  NMAP 
grid  is  99,000  ft  (30,175  meters).  This  is  considered  large  enough  to  cover  the  entire  airbase  or 
airport  traffic  areas  for  most,  if  not  all,  airbases  or  airports.^ 

Grid  point  numbering  starts  from  number  one  at  the  grid  origin  and  at  which  point  the 
cumulative  grid  distance  increment  is  zero.  Grid  point  numbering  ends  at  grid  point  number  100  at 
which  point  the  cumulative  grid  distance  increment  is  99,000  feet  (at  the  default  grid  .spacing  of 
1000  feet).  Since  the  grid  is  square  this  orientation  is  consistent  in  both  the  x  and  y  directions. 

As  a  convenience  to  the  user,  the  nominal  center  of  the  grid  is  located  at  100,000  ft  and 
200,000  ft  in  the  x  and  y  directions  respectively.  This  almost  always  guarantees  that  the  user  will 
be  able  to  define  specific  points,  runup  pads  and  runways  in  positive  x  and  y  coordinates. 
However,  when  the  program  handles  these  data,  it  subtracts  50,000  ft  and  150,0(X)  ft  from  the  x 
and  y  coordinates  respectively.  This  will  become  apparent  in  the  sample  calculation  in  Section 
3.0. 
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NMAP  Origin 
(0.0) 


Figure  1.  NMAP  6.0  Default  Grid  Placement  as  seen  by  the  User. 
(The  figure  shows  how  the  grid  can  be  moved  relative  to 
the  airbase  runways  in  the  user  coordinate  system.) 


2.3.2  Finding  Grid  Points  of  Significant  Exposure 


A  grid  point  of  significant  exposure  is  one  where  the  calculated  noise  exposure  is  at  or 
above  a  minimum  threshold  based  on  the  noise  descriptor  being  used.  The  search  for  grid  points 
of  significant  exposure  is  accomplished  by  using  the  aircraft  ground  track  as  the  centerline  of  the 
noise  exposure.  For  each  segment  in  the  merged  flight  track  (see  section  2.2  for  an  explanation  of 
segments),  the  beginning  point  and  the  mid-point  of  the  segments,  are  used  as  initiation  points  in 
the  grid  search  as  shown  in  Figure  2.  From  each  of  these  initiation  points  a  search  is  conducted  for 
those  grid  points  that  have  a  calculated  exposure  value  at  or  above  the  exposure  cutoff  limit,  or  is 
within  the  grid  array  boundary. 

The  search  from  an  initiation  point  is  conducted  along  the  y-ordinate,  above  and  below  that 
initiation  point  only.  In  order  to  find  all  the  grid  points  of  significant  exposure  new  initiation 
points  must  be  chosen  along  the  x-ordinate,  to  the  left  and  right  of  the  current  initiation  point. 
These  new  points  are  called  "reference  points".  To  clarify  the  terminology,  note  that  an  initiation 
point  is  in  fact  a  reference  point,  with  the  distinction  that  it  coincides  with  either  the  beginning  or 
midpoint  of  a  segment. 

Each  new  reference  point  is  determined  using  the  following  rules: 

(1)  The  new  reference  point  x-coordinate  is  located  to  the  left  or  right  of  the  current  reference 
point,  by  an  amount  equal  to  the  grid  spacing  being  used. 

(2)  The  y-coordinate  of  the  new  reference  point  is  located  at  a  grid  point  closest  to  the  center  of 
the  extremes  of  the  ordinate  traversal  of  the  last  reference  point. 

From  the  first  initiation  point  the  search  proceeds  up  and  down  in  the  y-direction  until  the  grid 
boundary  or  expo.sure  cutoff  limit  is  reached,  whichever  comes  first.  When  a  vertical  limit  has 
been  reached,  a  new  reference  point  is  chosen  that  is  left  of  the  initiation  point,  and  whose  ordinate 
is  the  midpoint  of  the  ordinate  traversal  of  the  last  reference  point.  Traversal  of  the  new  reference 
point  proceeds  up  and  down  in  the  y-direction  until  the  exposure  cutoff  or  grid  boundary  is 
reached.  New  reference  points  are  chosen  in  this  direction  until  exposure  cutoff  or  the  grid 
boundary  is  reached  in  the  x-direction.  At  the  end  of  the  search  to  the  left  of  the  initiation  point  a 
new  reference  point  is  then  chosen  to  the  right  of  the  initiation  point,  and  the  search  proceeds  as 
described  above,  until  the  exposure  cutoff  or  grid  boundary  is  reached  in  this  x-direction. 
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Grid  Search  from  the  Beginning  Initiation  Point. 
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Figure  2.  NMAP  6.0  Grid  Searching  Algorithm  Used  to  Find  Grid  Points 
of  Significant  Exposure 
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When  the  exposure  cutoff  or  grid  boundary  has  been  reached  (both  left  and  right  of  the  first 
initiation  point)  then  the  procedure  is  repeated  for  a  new  initiation  point  closest  to  the  middle  of  the 
current  flight  segment  (see  Section  2.9  for  the  exposure  cutoff  values). 

The  algorithm  for  the  grid  search  as  described  above  results  in  a  dynamic  tracking  of  the 
noise  exposure  but  runs  the  risk  of  sampling  the  same  point  more  than  once,  particularly  during  the 
grid  search  from  the  midpoint  of  the  segment.  To  avoid  the  error  of  over-exposing  a  panicular 
point,  the  sign  of  the  noise  exposure  value  is  used  as  a  flag.  During  the  grid  search  the  sign  of  the 
value  of  an  updated  grid  point  is  reversed  after  a  computation  has  been  made.  On  completion  of 
the  grid  search  the  negative  exposure  values  are  sought  out  and  their  signs  restored.  Before  the 
grid  points  are  updated  they  are  also  checked  to  see  if  the  value  is  positive  (i.e.,  >  0.0). 

The  limits  of  the  grid  traversal  (i.e.,  the  max  x  and  y  and  then  min  x  and  y  distances 
travelled)  are  also  stored  in  memory,  so  that  at  the  end  of  a  flight  segment  grid  search,  the  bounds 
of  the  negative  grid  points  values  can  be  more  easily  identified  and  and  their  values  restored. 

2.4  Grid  Point  Noise  Exposure  Calculations 

2.4.1  Flyover  Operations 

Aircraft  noise  that  is  due  to  flyover  operations  is  covered  by  two  algorithms  in  the  NMAP 

6.1  program.  One  algorithm  covers  straight  flight  segments  and  the  other  covers  curved  segments. 

Basically,  both  of  these  algorithms  take  the  reference  noise  data  and  any  of  the  generalized 
noise  corrections  at  each  end  of  a  subflight  and  extrapolates  them  to  the  closest  point  of  approach  to 
the  observer  location.  The  generalized  noise  corrections  include  the  takeoff  roll  correction,  A^, 
altitude  thrust  adjustment,  airspeed,  and  user  input  level  adjustments  called  DSEL.  These 
corrections  are  explained  further  in  Section  2.4.3. 

2.4. 1.1  Straight  Segments 

The  calculation  for  the  noise  exposure  due  to  a  straight  line  segment  is  determined  by  the 
following  fcnmulation: 


Noise  exposure  =  Ere  •  lCy|.  (2) 

where  Ere  =  at  the  closest  point  of  approach, 

Lref  =  the  noise  exposure  value,  interpolated  or  extrapolated  to  the  closest  point  of 
approach  to  the  subflight,  from  the  noise  exposure  tables  generated  by  OMEGA 
10.7 
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Cy  =  an  exposure  factor,  which  is  based  on  the  geometry  of  the  aircraft  attitude  in 
relation  to  a  direct  overflight,  and  includes  generalized  corrections  factors. 


The  following  equation  for  Cy  is  a  numerical  formulation  that  modifies  the  noise  exposure 
value  from  an  infinite  line  source  to  a  finite  length  (see  Figure  3): 

Q  ,  (sin  (COA)  -  sin  (COB)) j  ^  ^  (Fa  -  Fb)  (cos  (COB)  -  cos  (COA)) 


where  Ic 


COA 

COB 

Fa 


Fb 


OC 

AB 


=  a  generalized  correction  factor  that  is  interpolated  to  the  closest  point 
of  approach  (see  also  Fa  and  Fb).  This  correction  factor  can  include 
any  model  that  should  be  applied  within  a  merged  flight  segment. 
Current  corrections  are  listed  in  Section  2.4,3, 

=  the  angle  subtended  by  the  closest  point  of  approach  (CPA)  to  the 
beginning  of  the  flight  segment, 

=  the  angle  subtended  by  the  CPA  to  the  end  of  the  flight  segment, 

=  the  value  of  the  generalized  correction  factor  at  the  beginning  of  the 
flight  segment, 

-  the  value  of  the  generalized  correction  factor  at  the  end  of  the  flight 
segment, 

=  the  slant  range  distance  or  the  distance  between  the  CPA  and  the 
observer  location, 

=  the  signed  length  of  the  segment  between  points  A  and  B  as 
determined  by  the  difference  of  AC-BC.  This  result  maintains  the 
sign  convention  discussed  below. 


BC,  AC  =  the  signed  distance  betweeen  points  A  and  C  and  points  B  and  C, 
respectively. 

Sign  Convention  =  the  angles  COA  and  COB  arc  given  the  following  sign  convention. 

The  angle  is  positive  if  the  opposite  leg  of  the  right  triangle  formed 
from  the  CPA  point  to  the  segment  point  (A  or  B)  is  in  the  same 
direction  as  the  flight,  or  negative  if  opposite.  It  therefore  follows 
that  both  COA  and  COB  arc  positive  in  figure  3. 
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Figure  3.  Geometry  for  the  Algorithm  Used  to  Determine  Flight  Segment  Noise  Exposure  Integral 
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Figure  4.  Ground  Track  Geometry  and  Resulting  Exposures  for  Sample  Case. 


Figure  4  shows  the  ground  track  geometry  and  what  might  be  the  actual  flight  track  of  the  sample 
case  after  NMAP  6.1  has  determined  the  power  and  subflight  segments.  The  figure  also  shows  the 
resulting  sound  exposures  for  each  segment.  The  segment  sound  exposures  are  used  as  factors  for 
the  reference  noise  data  that  are  appropriate  to  the  geometry  for  the  particular  power  segment.  The 
sound  exposure  for  a  segment  with  a  single  subflight  can  be  calculated  straight  away  from  the 
formulation  listed  above.  The  calculations  in  Section  3.1  for  the  first  segment  in  the  sample  case 
show  exactly  how  that  is  done. 

For  segments  vith  multiple  subflights  a  slight  deviation  is  necessary.  The  basic 
formulation  stays  the  same  except  that  the  relative  sound  exposure  factors  are  accumulated  over  the 
segment  using  a  normalization  of  the  form  ICysubI /(SLsub)^- 

When  all  of  the  subflights  have  been  determined  then  the  slant  distance  associated  with  the 
largest  exposure  factor  value  in  the  segment  can  be  found.  The  slant  distance  to  the  associated 
subflight.  SLdom,  is  used  to  determine  the  reference  exposure  value,  Lrcf.  as  well  as  to  calculate  the 
sum  of  the  exposure  factors. 

The  resulting  normalized  factor  is  expanded  as  follows; 

.Nsub  ,  . 

(  I  ICyil/SL^J  .  SL^  (4) 

1=1 

where  Nsub  =  Number  of  subflights 

SLsub  =  Slant  range  between  the  observer  and  the  CPA  of  the  subflight 

SLdom  =  Slant  distance  to  the  subflight  with  the  largest  Cy. 

Hie  data  in  Section  3.1  will  show  these  results  in  segments  2  and  3  of  the  sample  calculation. 

2. 4. 1.2  Curved  Segments 

The  noise  exposure  due  to  an  aircraft  executing  a  turn  is  approached  in  a  similar  manner  as 
explained  above  for  straight  line  segments.  The  calculated  grid  point  noise  exjwsure  is  therefore  a 
product  of  the  reference  noise  level  extrapolated  to  the  observer  distance  and  a  factor  to  account  for 
the  aircraft  attitude.  This  is  expressed,  as  before,  as: 


Noise  exposure  =  Ere  •  i  Cy  I 


(5) 


The  value  of  Epc  is  the  same  as  for  Eq.  2.  The  calculation  for  the  value  of  Cy  is  slightly  more 
complicated  for  curved  segments.  Cy  is  determined  from  the  following  formulation  based  on  the 
geometry  shown  in  Figure  5: 


Cy  =  R 


j.skP-,  ,  (2C29-hCi)  Cl 

'  det  ^  ^  Apn 


den 


1  .  f  (Fa-Fh) .  .  (Ci9+2Co) 
^  0 


den 


2Vc^l)  (6) 


where  R 
SL 


secP 

tanP 


the  radius  of  curvature  of  the  aircraft  turn, 

the  slant  distance  between  the  middle  of  the  curved  segment  and  the 
observer, 

V 1  +  (tanP)2  , 

,  where  Za  and  Zb  are  the  altitudes  at  point  A  and  B  respectively,  Db 

and  Da  are  the  cumulative  distances  from  the  start  of  roll  along  the  ground 
track  to  the  points  A  and  B  respectively. 


Co  =  Xo2  +  Yo2  +  Za2  +  R2  -  2  •  R  •  Xq, 


Cl  =  -2  •  R  •  Yq  +  2  •  R  •  tanP  •  Za*  symm 

C2  =  R2  •  tanp2  +  2  •  R  (  0.47483  •  Xq  +  symm  •  0. 1 269  •  Yq) 


symm  =  +1  for  left, -1  for  right  turn. 


Xq  =  the  X  coordinate  of  the  observer  in  the  coordinate  system  where  the  center 
of  curvature  of  the  turn  is  the  origin,  and  the  radial  vector  to  the  first  point 
of  the  segment,  in  the  ground  plane,  is  along  the  positive  x-axis, 

Yq  =  the  Y  coordinate  of  the  observer  in  the  coordinate  system  outlined  above, 

den  =  V  1^202  +  Cj0  +  CqI  , 

det  =  4C0C2  -  C,2, 

Fa  =  the  generalized  correction  factor  at  point  A,  at  the  beginning  of  the  curved 
segment,  as  explained  in  Section  2.4. 1.1, 

Fb  =  the  generalized  correction  factor  at  point  B,  at  the  end  of  the  segment,  see 
Section  2.4. 1.1, 
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0  =  the  negative  value  of  the  arc  length  of  the  turn  in  radians.  This  value  cannot 

exceed  a  magnitude  of  7t/3  radians  (60  degrees)  since  there  is  an  assumption 
that  the  tangent  of  the  angle  (3  can  be  approximated  by  the  term  (see 

also  the  description  of  the  variable  tan(3),  which  is  the  change  in  altitude 
divided  by  the  ground  track  distance  between  points  A  and  B. 

2.4.2  Runup  Operations 

The  noise  calculated  for  ground  runup  operations  are  determined  in  a  similar  manner  as 
those  for  flyover,  with  the  exception  that  flight  segmentation  rules  and  corrections  for  air-to- 
ground  absorption  are  not  applied. 

The  OMEGA  1 1.3  program  operates  on  data  in  the  NOISEFILE  6.2  and  produces  noise 
level  tables  appropriate  to  the  requested  noise  descriptors  corrected  for  temperature  and  humidity. 
The  resulting  tables  are  not  corrected  for  altitude  but  are  left  in  terms  of  sea-level  altitude  as  is  the 
default  for  NOISEFILE.  The  data  are  organized  as  basically  10  rows  of  angles,  each  row 
containing  data  at  one-third  octave  increments,  starting  at  200  ft  and  ending  at  25,000  ft. 
NMAP  6.1  interpolates  and  extrapolates  these  values  to  other  distances  and  angles. 

The  noise  exposure  is  determined  by  assuming  the  area  of  significant  exposure  will  be 
bounded  by  the  extreme  edges  of  the  cardioid  shape  associated  with  runup  noise  directivity 
patterns.  The  grid  points  within  this  area  are  searched  out,  and  the  noise  exposure  is  calculated.  If 
the  calculated  noise  exposure  is  above  the  cut-off  value  (see  Section  2.9  for  the  exposure  cut-off 
values)  for  the  selected  noise  descriptor  then  the  grid  point  is  updated  by  adding  the  calculated 
exposure. 

The  calculated  exposure  is  obtained  by  determining  the  following: 

(1)  The  direction  in  which  the  nose  of  the  aircraft  is  pointing. 

(2)  The  distance  between  the  grid  point  (or  observer  location)  and  the  center  of  the  runup  pad. 

(3)  The  angle  between  the  centerline  of  the  runup  pad  and  the  line  joining  the  center  of  the 
runup  pad  to  the  observer  position. 

(4)  The  appropriate  reference  noise  tables  from  which  the  noise  exposure  will  be  calculated. 
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For  runup  pads,  NMAP  6.1  takes  item  (1)  directly  from  the  input  file  from  the  AIRFLD  keyword^ 
and  applies  the  magnetic  heading  correction  before  using  it  as  the  runup  pad  heading. 

The  distance  between  the  center  of  the  pad  and  the  observer  position  is  determined  by 
transforming  the  NMAP  6.1  grid  locations  of  the  observer  position,  and  the  center  of  the  runup 
pad,  to  a  coordinate  system  with  the  center  of  the  runup  pad  as  the  origin  (see  Figure  6).  This  is 
accomplished  with  coordinate  translation  and  rotation.  The  observer  angle  is  measured  between 
the  intersection  of  the  heading  of  the  runup  pad  (to  which  the  aircraft  is  also  aligned)  and  a  line 
joining  the  observer  position  to  the  center  of  the  runup  pad.  The  length  of  this  line  is  the  distance 
to  the  observer. 

The  proper  reference  noise  values  are  determined  by  looking  up  the  reference  table  for  the 
aircraft  in  question  and,  looking  up  the  angle  and  distance  closest  to  the  angle  and  distance 
previously  found,  then  interpolating  or  extrapolating  both  for  angle  and  distance  for  the  correct 
exposure  value.  Section  3.1  shows  the  development  of  the  runup  exposure  determined  for  a 
sample  case. 

2.4.3  Noise  Corrections 

As  mentioned  earlier,  NMAP  6.1  uses  noise  corrections  at  the  end  points  of  segments  and 
subflights.  The  purpose  of  these  noise  corrections  (or  generalized  correction  factors)  is  to  help 
refine  the  accuracy  of  the  reference  noise  data.  The  current  noise  corrections  are  as  follows: 

( 1 )  The  takeoff  roll  A6  correction  scale  factor^®:  The  takeoff  roll  model  is  discussed  in  detail  in 
Section  2.7.  The  model  is  based  on  a  reference  directivity  noise  level  adjustment  that  is 
applied  to  the  aircraft  ground  runup  reference  noise  data  and  .scaled  by  the  value  of 
1q(V/160  kts)  jhg  5jart  of  roll  and  1.0  at  the  point  of  rotation.  V  represents  the  actual 
takeoff  speed  and  160  kts  is  the  value  defined  in  Reference  10. 

(2)  Airspeed  correction:  The  aircraft  reference  noise  data  is  generated  at  discrete  airspeeds 

entered  at  points  of  change  in  the  flight  profile.  Since  the  reference  noise  data  can  be 
heavily  influenced  by  the  aircraft  airspeed  a  correction  was  added  to  interpolate  the  aircraft 
airspeed  to  the  closest  point  of  approach  to  the  observer,  as  is  done  for  other  noise 
corrections.  This  correction  has  no  effect  during  the  ground  roll  portion  of  the  flight  and  is 
therefore  has  a  value  of  1.0  at  the  first  two  parts  in  any  takeoff.  The  correction  is  also  1.0 
at  the  landing  point.  At  all  other  points  the  correction  is  based  on  (where  V  is  the 

actual  aircraft  speed  and  Vrcf  is  the  takeoff  or  landing  speed).  Touch-and-go's  with  a 


-20  - 


Xsp  Xpad 


Figure  6.  Runup  Pad  Geometry  and  Pad  Coordinate  System, 
(shaded  axis  represent  the  grid  coordinate  system 
solid  axis  represent  the  pad  coordinate  system.) 
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takeoff  roll  are  treated  similarly  to  takeoff,  and  touch-and-go's  with  no  takeoff  roll  are 
treated  similarly  to  landings. 

(3)  Altitude  thrust  adjustment:  Above  1,000  ft  altitude  a  correction  is  applied  to  correct  the 
reference  noise  data,  which  are  in  terms  of  sea  level  conditions  for  altitude.  The  correction 
effectively  decreases  the  reference  noise  data  by  2  dB  per  10,000  feet.  The  correction 
assumes  that  noise  output  is  reduced  as  effective  thrust  decreases,  and  effective  thrust 
decreases  with  altitude  (reference  1).  This  adjustment  is  calculated  as  loKlO00-ali>2E-5)] 

(4)  User-entered  noise  level  adjustments  (DSEL):  NMAP  6.1  retains  a  feature  that  was 
available  in  previous  versions,  which  allows  users  to  modify  the  reference  noise  data  base 
on  information  that  may  not  already  be  contained  in  NOISEMAP.  The  complete  details  on 
this  feature  may  be  found  in  Reference  8. 

2.5  Specific  Point  Noise  Exposure  Calculations 

Noise  exposure  calculations  that  are  made  at  specific  points  on  the  ground  that  are  not 

necessarily  aligned  with  the  NMAP  grid  of  observer  points,  and  are  completely  user-definable  are 

called  Specific  Point  Noise  Calculations.  The  calculations  for  noise  exposure  at  specific  points  are 

done  exactly  as  described  for  grid  point  calculations  (section  2.4)  with  the  following  exceptions: 

( 1 )  No  grid  searching  algorithm  is  applied  for  specific  points. 

(2)  Whereas  the  grid  of  observer  locations  is  fixed,  specific  points  are  completely  user  defined 
and  can  even  be  located  outside  the  NMAP  grid. 

(3)  The  maximum  number  of  specific  points  is  16. 

(4)  The  specific  point  calculations  are  performed  independently  of  the  grid  point  calculations 
thus  aJlowing  these  calculations  to  be  made  without  doing  grid  point  calculations. 

(5)  Calculations  are  not  subject  to  the  cut-off  values. 

The  process  of  calculating  the  noise  exposure  at  specific  points  is  the  following: 

(1)  The  X,Y  coordinates  of  the  specific  points  are  passed  to  the  noise  exposure  calculation 
routines  instead  of  grid  point  coordinates. 

(2)  The  noise  exposure  calculations  for  each  of  the  merged  flight  segments  are  performed,  as 
detailed  for  the  grid  exposure  calculations.  The  takeoff  roll  and  lateral  attenuation  models 
arc  applied  where  appropriate. 

(3)  The  noise  exposure  at  any  specific  point  is  the  summation  of  all  the  contributions  from  all 
of  the  flight  segments. 
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2.6  Takeoff  Roll  and  Ihe  Effects  of  Forward  Velocity 


A  takeoff  roll  model  has  been  implemented  in  NMAP  to  model  the  sideline  noise  generated 
by  an  aircraft  during  takeoff  roll.  The  takeoff  roll  model  is  based  on  a  study  described  in  detail  in 
reference  10.  The  results  of  the  study  indicate  that  the  change  in  the  noi.se  source  emission  during 
the  takeoff  roll  can  be  approximated  by  adding  a  varying  correction  that  is  a  positive  adjustment  at 
the  start -of-roll,  which  reduces  to  zero  at  the  point  of  rotation.  Using  reference  10  terminology, 
this  adjustment  is  now  referred  to  as  A^. 

The  study  was  ba.sed  on  the  noise  levels  of  a  Boeing  707-300  with  an  operating  w'eight  of 
265,205  lbs.  which  assures  a  climb  speed  of  160  knots  ba.sed  on  that  aircraft's  performance  data. 
Under  these  reference  conditions  a  runup  profile  was  generated  with  NOISEMAP  3.2  for  the 
B707-300.  The  runup  noise  data  were  used  to  simulate  an  actual  aircraft  "rollby"  using  200  foot 
grid  spacing.  The  variation  in  as  a  function  of  sideline  distance  aircraft  weight  and  aceleration 
was  detemiined  from  this  reference  data. 

The  study  also  determined  a  series  of  adjustments  that  should  be  applied  to  the  aircraft 
reference  flyover  data  in  order  to  model  the  takeoff  directivity  pattern.  These  adjustments  are 
show'n  in  Table  1  and  represent  the  B-707-300  flyover  noise  levels  adjusted  to  a  desired  directivity 
pattern  and  normalized  to  the  reference  ground-to-ground  reference  noise  data.  These  reference 
directivity  adjustments  are  added  to  all  aircraft  takeoffs  as  part  of  the  takeoff  roll  model.  The  data  in 
this  table  are  5  dB  lower  than  the  data  used  in  Reference  9,  since  this  5  dB  correction  is  now  added 
by  OMEGA  10.7  when  it  generates  the  reference  noise  exposure  tables.  NMAP  6.1  uses  the 
following  model  to  scale  the  referenced  directivity  pattern  to  the  actual  aircraft  takeoff  speed  and 
takeoff  roll  distance. 

Using  the  reference  B707-300  flight  parameters  listed  above,  the  correction  for  acceleration 
tak  the  following  form: 


relative  to  the  acceleration  of  the  reference  B707-300.  However,  the  correction  relative  to  a  Vrot 
will  require  the  addition  of  the  difference  betw'een  the  Vref  of  160  kts,  leaving  the  final  correction 
as: 

A6  =  -5-log  [(^)^- (|^)]  +  10-log|o  [(^)]  (8) 
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This  A6  value  is  then  used  to  adjust  the  reference  takeoff  directivity  pattern  from  the  8707-300  to 
an  approximation  of  the  actual  aircraft.  The  study  cited  did  make  calculations  for  two  aircraft  (a 
8707-300  with  a  different  takeoff  weight  and  an  F-104)  with  reasonable  results.  The  model  was 
also  validated  against  measured  data  also  with  reasonable  results. 

At  the  time  of  the  development  of  the  original  takeoff  roll  model,  Vroi  would  almo.st  always 
differ  from  the  noise  data  at  reference  speed  Vrcf.  Currently,  the  OMEGA  10.7  program  generates 
the  noise  data  set  for  the  input  Vroi  speed.  The  A6  term  therefore  becomes: 

A6  =  -5-log  (|^)  (9) 

^rol 

where  Stef  =  ^779  ft  which  is  the  ground  roll  distance  for  the  referenced  8-707  aircraft. 

Some  of  the  assumptions  of  the  NMAP  6.1  takeoff  roll  model,  as  stated  in  Reference  10, 
are  as  follows: 

(1)  The  effects  of  forward  velocity  on  the  directivity  pattern  of  the  aircraft  engine  in  question 
will  not  significantly  affect  the  overall  noise  levels  for  the  takeoff,  and  are  thus  ignored. 

(2)  The  acceleration  of  the  aircraft  is  assumed  to  be  constant. 

(3)  The  directivity  pattern  of  the  aircraft  at  the  start-of-roll  position  (takeoff  configuration)  is 
that  for  a  static  full-power  runup. 

To  implement  this  takeoff  roll  model  in  NMAP  6.1,  the  following  actions  are  performed  by  the 
program. 

(1)  A  directivity  pattern  is  constructed  based  on  the  reference  8707-300  directivity  offset 
shown  in  Table  1 .  This  is  done  by  adding  these  offsets  to  the  reference  ground-to-ground 
data  for  the  takeoff  power  condition  of  the  aircraft  in  question.  In  this  way  a  reference 
noise  table  is  built  of  level  versus  angle  versus  one-third  octave  distance  increment. 

(2)  Once  the  reference  directivity  pattern  has  been  created,  then  the  noise  exposure  for  takeoff 
roll  is  calculated  using  the  same  procedures  as  for  the  runup  exposure  calculation. 

(3)  The  calculated  takeoff  roll  runup  exposure  is  then  added  to  the  "flight"  exposure,  that  is, 
the  exposure  calculated  strictly  from  the  aircraft  flyby. 
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adjustments  in  these  directions.) 


Figure  7.  OMEGA  10.6  Reference  Noise  Data  Set.  Generated  from  the  NOISEFILE  6.0  Database. 
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Figure  8.  OMEGA  11  Reference  Noise  Data  Set.  Generated  from  the  NOiSEFiLE  6.0 
Database.  (Shaded  numbers  are  angies  in  degrees  measured  about  the 
aircraft  centerline,  0  being  fonvard  of  the  aircraft. ). 


The  reference  data  that  are  generated  by  the  OMEGA  10.7  and  1 1 .3  programs  are  then  used 
by  NMAP  6.1  to  extrapolate  to  other  distances  and  other  angles  of  propagation  relative  to  the 
ground  plane. 

2.7.2  Lateral  Attenuation  and  Transition  Factor 

Lateral  attenuation  accounts  for  the  effects  of  ground  absorption  and  aircraft  shielding  on 
sound  propagation  for  positions  to  the  side  of  an  aircraft  flight  track.  In  NMAP  6.1  this  is 
accomplished  by  one  of  two  lateral  attenuation  models.  One  is  applicable  to  air-to-ground  noise 
level  data  for  civil  aircraft'^  and  the  other  is  applicable  as  a  transition  factor  which  interpolates 
between  air-to-ground  and  ground-to-ground  noise  metric  data  for  military  aircraft.'^  Both  are 
shown  in  Figure  9. 

The  SAE  model  is  evoked  for  all  civilian  aircraft  contained  in  NOISEFILE  6.2.  The  SAE 
model  has  been  compared  to  actual  measured  civilian  and  military  aircraft  noise.  The  results  of 
these  comparisons  show  that  the  model  predicts  lateral  attenuation  for  civilian  aircraft  with  a 
reasonable  level  of  accuracy  but  does  not  perform  quite  as  well  for  military  aircraft,  resulting  in  an 
over-prediction  of  the  value  for  the  majority  of  military  aircraft.  Hence  the  need  for  a  different 
lateral  attenuation  model  for  military  aircraft. 

In  NMAP  6.1,  the  military  lateral  attenuation  model  is  implemented  in  the  form  of  a 
transition  factor  which  basically  interpolates  between  the  predicted  air-to-ground  and  ground-to- 
ground  propagation  data  to  determine  the  effects  of  lateral  attenuation  on  propagation.  The  models 
are  implemented  as  follows; 

Noise  exposure  (d,  P)  I^l  =  TF  •  10<°g(«)vio)  +  (i-TF)  •  10<agwvi(J)  (9) 

Noise  exposure(d,  P)  Iciv  =  10«ag(<))-avio)  (jq) 


where  noise  exposure  (d,  P)  =  the  exposure  at  observer  distance  d,  and  elevation  angle  P, 


A 

TF 


the  SAE  lateral  attenuation  values  for  civil  aircraft,!^ 

the  transition  factor  predicted  by  the  NMAP  6.1  lateral  attenuation  model 
at  angle  P, 

1  for  0  <  p  <  2® 

(2.093/p)  -  0.04651  for  2®  ^  p  <  45“ 

0  for  45  <  p  <  90“ 
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a.  Lateral  Attenuation  Models. 
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b.  NMAP  6.0  Transition  Factor  Model. 


Figure  9.  SAE  and  Military  Lateral  Attenuation  Models, 
and  the  Transition  Factor  Model. 


-30- 


GG(d)  =  the  reference  OMEGA  10.7  ground-to-ground  exposure  value  at 

distance  d, 

AG(d)  =  the  reference  OMEGA  10.7  air-to-ground  exposure  value  at  distance  d. 

It  can  be  seen  from  the  military  aircraft  model  that  at  angles  of  eldvation  greater  than  45  degrees, 
the  transition  factor  tends  to  zero  and  the  noise  exposure  is  predicted  solely  by  the  air-to-ground 
model.  Likewise,  at  low  angles  of  elevation  the  transition  factor  term  is  predicted  by  1.0  and  the 
exposure  tends  to  ground-to-ground  model. 

In  the  NMAP  6.1  program,  the  transition  factor  is  returned  as  a  ratio  of  the  ground-to- 
ground  propagation  value  at  (d,P),  and  the  air-to-ground  propagation.  Therefore  for  the  first 
subflight  in  Section  3.1,  the  predicted  transition  factor  is  1.0  and  the  resulting  noise  exposure  is 
totally  controlled  by  ground-to-ground  propagation.  The  value  returned  is  the  ratio  of  the  ground- 
to-ground  reference  noise  exposure  at  (d,P)  to  the  air-to-ground  noise  exposure  under  the  same 
conditions.  When  NMAP  6.1  calculates  the  noise  exposure  for  the  segment,  the  transition  factor 
will  be  multiplied  by  the  air-to-ground  reference  noise  exposure  for  that  power  segment  and  at  the 
dominant  slant  distance  for  the  segment.  This  transition  factor  ratio  (TFR)  is  calculated  as: 

TTR  =  TF.(1^-1)  +  1  (11) 


2.8  Duration 

The  effect  of  duration  on  an  aircraft  flyby  is  to  increase  the  noise  exposure  of  the  observer 
over  that  of  some  instantaneous  level.  NMAP  6.1  uses  two  time  integrated  metrics  that  include  the 
effects  of  duration.  These  metrics  are  SEL  and  EPNL.  Reference  noise  exposure  data  are 
determined  in  terms  of  these  metrics  by  the  OMEGA  10.7  program.  OMEGA  10.7  uses  the 
spectral  noise  data  and  reference  integrated  metrics  in  the  NOISEFILE  6.2  noise  database,  and 
expands  these  to  other  airspeeds  and  distances  to  give  the  required  metric.  OMEGA  10.7  uses  the 
following  equation  to  adjust  for  the  difference  in  exposure  due  to  differing  propagation 

distances*  5. 

Adjustment  =  6  log  (Dx/Drcf)  (12) 

where  Dx  =  desired  distance 

Dref  =  reference  distance  (usually  1000  ft) 

OMEGA  10.7  uses  the  following  equation  to  adjust  for  differing  airspeeds. 
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where 


Adjustment 


-101og(V;yVref) 
desired  airspeed 
reference  airspeed 


(13) 


Vx 

Vref 


Currently  the  time-integrated  noise  levels  (SEL  or  EPNL)  are  included  in  the  NOISEMAP  input  file 
(NMI  file)  and  are  the  reference  noise  data  that  NMAP  6.1  uses  in  i::  noise  calculations. 


2.9  Noise  Exposure  Cut-Off 

NMAP  6.1  uses  a  threshold  noise  exposure  level  in  order  to  increase  processing  efficiency. 
If  the  calculated  noise  exposure  level  at  any  grid  point  is  found  to  be  below  the  threshold  level, 
then  the  grid  search  in  that  direction  ends.  All  the  noise  exposures  up  to  that  point  are  computed, 
and  all  the  grid  points  up  to,  but  not  including,  the  grid  point  where  the  exposure  fell  below  the 
threshold  are  updated. 

The  default  exposure  thresholds  are  as  follows: 


DNL 

CNEL 

NEF 

WECPNL 

35  dB 

35  dB 

OdB 

35  dB 

2.10  Area  Calculations 

The  calculation  of  the  area  bounded  by  the  calculated  noise  exposure  contours  is 
approximated  by  dividing  the  grid  mesh  into  four  sections  of  25  rows  of  grid  points  by  100 
columns  of  grid  points.  The  smaller  sections  are  then  further  subdivided  by  taking  the  area 
bounded  by  four  adjacent  grid  points  and  dividing  them  into  five  rows  by  three  columns.  The 
smaller  15  point  meshes  arc  then  used  to  interpolate  grid  values  to  determine  a  contour  edge.  The 
rectangular  areas  bounded  by  the  interpolated  contour  edge  are  then  summed,  and  multiplied  by  the 
unit  area  of  the  rectangles  to  determine  an  approximate  contour  area. 

The  NMAP  6.1  area  calculations  compares  reasonably  well  to  calculations  based  on  more 
accurate  vector  methods,  but  tends  to  have  higher  values  due  to  the  all-or-nothing  addition  of  each 
subgrid  section.  An  exact  calculation  of  the  contour  area  is  made  in  the  NMPLOT  program  and  is 
displayed  in  its  "show"  window. 
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3.0  NOISEMAP  FEATURES  AND  FLIGHT  CHECKS 


The  following  is  a  summary  of  the  calculations  that  NMAP  6. 1  performs  in  order  to  obtain 
noise  exposure  contours.  These  sample  calculations  concentrate  on  the  development  of  the  noise 
exposure  levels,  and  do  not  place  a  heavy  emphasis  on  such  aspects  as  flight  segmentation  or  any 
of  the  other  "housekeeping"  activities  involved  in  contour  development.  In  fact,  the  program  was 
allowed  to  develop  all  of  the  support  data  in  these  calculations.  These  data  were  then  taken  and 
formatted  in  such  a  way  as  to  illustrate  the  implementation  of  the  algorithms  detailed  in  Section  2. 
Figure  10a  and  b  show  the  NOISEMAP  Input  (NMI)  files  that  resulted  in  the  specific  point 
summary  shown  in  Figure  1 1  and  the  contours  shown  in  Figure  12. 

Tables  2,  3  and  4  show  the  flight  segmentation  data,  the  flyover  noise  exposure  summary 
and  the  runup  noise  exposure  summary  respectively  for  the  specific  point.  The  specific  point  is 
specified  in  the  NMI  file  by  the  "SPECIF"  keyword  as  detailed  in  Reference  8.  As  was  said 
before,  the  coordinates  entered  into  the  NMI  file  have  a  positive  offset  of  50,000  ft  in  the  x- 
direction  and  150,000  ft  in  the  y-direction  in  order  to  assure  that  the  user  enters  coordinates  as 
positive  X  and  y  values.  It  can  be  seen  in  Table  2  that  the  specific  point  coordinates  Xsp  and  Ygp, 
as  used  by  NMAP,  have  had  the  offsets  removed. 

Figure  13  shows  the  geometry  of  each  of  the  subflights.  Each  element  of  Figure  13  shows 
the  attitudes  at  each  subflight  endpoint,  the  slant  distances  and  other  physical  data  used  in  the 
calculations.  This  figure  (along  with  Figure  4)  should  be  used  as  a  guide  to  understanding  the 
geometry  of  the  flight  activity  which  produces  the  calculated  noise  exposure. 

Please  note  that  in  many  situations  during  the  sample  calculation  a  switch  is  made  from 
noise  levels  in  decibels  to  the  power  equivalent  relative  power.  NMAP  does  all  of  its  calculation  in 
terms  of  power  and  all  of  its  reporting  in  terms  of  decibels.  It  is  more  convenient  and  easier  to 
visualize  noise  levels  in  decibels  and  a  license  is  taken  in  showing  some  data  in  decibels  and  using 
that  same  data  in  calculations  as  power.  To  convert  between  the  power  P,  and  the  noise  level  L  the 
following  relationships  can  be  used. 

To  convert  relative  power  to  noise  level  in  decibels,  use: 

L  =  lOlogio(P) 

To  convert  noise  level  in  decibels  to  relative  power,  use: 

P  =  loOVlO) 
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COMMENT  ARCHIVED 
COMMENT  0 

COMMENT  INPUT  FILE 
COMMENT  NMAP1807.BPS 
COMMENT  CASE  NAME 

COMMan  P-IS  Power  runup  and  flight  teste  for  NOISEMAP  report  -  asp 
AIRPLD50000.  ISOOOO.  0.  0.  1000.  EAST 

F-15  Power  runup  and  flight  tests  for  NOISEMAP  report  -  asp 
COMMENT  This  is  a  test  of  straight  out  and  straight  in  operations 
COMMan*  of  the  F-IS  aircraft  for  the  NOISEMAP  6.0  tech  report 
COMMENT 

COMMENT  NOISEMAP  input  created  by  MCM  v.  1.0  on  May  2S  1991  at  23:27:04  from: 

COMMaiT  F-15  Power  runup  and  flight  tests  for  NOISEMAP  report 

COMMan*  Created  by  BASEOPS  Version  3.01  on  12-28-1990  at  10:25:58 

PROCES 

DHL 

SAELAT  ON 

SPROCE 

SPECIP87999.  202000.  TEST 


COMMafT 

COMMENT 

*  • 

FLYOVER 

DATA 

•  • 

COMMENT 

SEL 

061011 

2 

127.3 

125.3  123.3 

121.4 

119.4 

117.5F-15 

1 

COMMENT 

061011WO 

OMEGAIO. 

.6  28  Dec  90  F-15 

20C 

1  KTS 

59  P  70  PCT 

COMMENT 

061011W0 

HIGH  BYPASS  FAN 

N061031A1 

COMMENT 

061011W0 

TAKEOFF 

POWER 

90.00  *  RPM 

115.6 

113.8 

111.9 

109.9  107.9 

105.7 

103.5 

101.2F-15 

2 

98.7 

96.0 

93.2 

90.2  86.9 

83.3 

79.5 

75.4F-15 

3 

061011 

1 

127.3 

125.3  122.2 

119.1 

116.4 

113.8F-1S 

4 

111.2 
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106.2 

104.0  101.8 

99.7 

97.6 

95.5P-15 

5 

93.1 

90.6 

87.6 

84.3  80.1 

75.3 

70.0 

64.3F-15 

SEL 

061021 

2 

117.1 

115.3  113.4 

111.6 

109.7 

107.9F-15 

1 

COMMENT  061021W0  OMEOAIO.S  28  Dec  90  F-IS  250  KTS  59  F  70  PCT 

COMMENT  061021W0  HIGH  BYPASS  FAN  N061031A1  N0610S1A1  N061031A1 


COMMENT  O61021W0 

TAKEOFF 

POWER 

85 

.00  %  RPM 

106.1 

104.3 

102.4 

100.5 

98.5 

96.4 

94.2 

91.9F-15 

2 

89.5 

86.9 

84.1 

81.1 

77.9 

74.5 

70.8 

66.9F-15 

3 

061021 

1 

117.1 

115.3 

112.1 

109.1 

106.4 

103.8F-1S 

4 

101.3 

98.9 

96.5 

94.3 

92.2 

90.1 

88.0 

8S.9F-15 

5 

83.5 

81.0 

78.1 

74.8 

70.6 

65.9 

60.9 

55.6F-15 

RUNWAYIOOOOO.  200000.  90000.  200000.  0. 

0. 

3. 

9C 

COMMarr  test  departure  with  45  degree  turn 

FLTTRX13000.  0.  2000.  45.  290000.  0.  TKOF9D1 

COMMENT  F-IS  45  degree  turn  departure 

TOROLL  ON 


TODSCR61 .  1 . 

061001 

061001 

061011. 

8000. 

061 

DEP  ♦ 

061011.  20000. 
ALTUDE  061001 

061021. 

0. 

305570. 

0. 

8000. 

0. 

20000. 

2000. 

061 

061 

DEP 
DEP  » 

200000.  10000. 
AIRSPD  061001 

0. 

0. 

8000. 

200. 

20000. 

250. 

061 

061 

DEP 
DEP  » 

200000.  250. 
FLIGHT061.  001. 
CLEAR 

50. 

0. 

5. 

061 

061 

ALL 

DEP 

DEP 

Rgure  10a.  Nmap  6.0  Sample  Case  Input  File  Part  1.  (Header  and  Flyover  Data.) 
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Figure  10b.  NMAP  6.0  Sample  Input  File  Part  2.  (Runup  Data.) 


/•  ARCHIVED  •/ 

0 

/•  INPUT  FILE  •/ 

NHAP1807.BPS 
/•  CASE  NAME  */ 

r-I5  Pow«r  runup  and  flight  caata  for  NOISEMAP  raport 

12/28/90  - - - NOISEMAP  «.00  - . . . -  PAGE  7 

DHL  F-15  Powar  runup  and  flight  taata  for  NOISEMAP  raport 

SUMMARY  OF  AIRCRAFT  FLIGHT  OPERATIONS  AT  SPECIFIC  GROUND  LOCATION  TEST 
X  ■  87999.0  FT  Y  ■  202000.0  FT 

RANK  1 

AIRCRAFT  61 

MISSION  1 

FLIGHT  TRK  901 

POWER  90.00  %  RP 
AIRSPEED  200  KTS 
ALTITUDE  648  FT 

SLANT  DIST  2105  FT 

ELEV  ANGLE  17.95  DEG 
EVENTS  DAY  50.000 

NIGHT  5 . 000 

EFCTV  SEL  107.09  DB 
ONL  77.72  DB 

CUM  ONL  77.72  M 

FLIGHT  ONL  77.72  DB 

TOTAL  ONL  77.74  DB 

12/28/90  - NOISEMAP  6.00 . - . PAGE  8 

ONL  F-IS  Powar  runup  and  flight  taata  for  NOISEMAP  raport 

SUMMARY  OF  AIRCRAFT  RUNUP  OPERATIONS  AT  SPECIFIC  GROUND  LOCATION  TEST 
X  ■  87999.0  FT  Y  -  202000.0  FT 

RANK  1 

AIRCRAFT  61 

THRUST  90 

RUNUP  PAD  PADl 

POWER  90.00  «  NC 
SLANT  DIST  6001  FT 
ANGLE  120.0  DBG 
TIMS  DAY  600.0  SBC 
NIGHT  60 . 0  SBC 
AL  73.05  OB 

DHL  54.47  DB 

CUN  ONL  54.47  DB 

RUNUP  ONL  54.47  DB 

TOTAL  ONL  77.74  DB 


Figure  1 1 .  NMAP  6.0  Specific  Point  Calcutation  for  a  Sample  Case. 

(Rgure  shows  the  major  contributers  both  flyover  and  runup 
operations.) 
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Figure  12,  Plot  from  the  NMPLOT  1 ,1  program  of  the  sample  case.  (Plot  has  been  modified  for  this  report.) 
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3.1  Example  Calculation  in  Detail 

3.1.1  Fliehl  Scgngni  1 


ACB-1200r 
BC  =  -400r 
SL  a  447V 

AB*=  AC-BC  =  -8000* 
ALTcpa  =  0 


COA  *  -80.54» 

COB  *  -63.44“ 
Elevation  Angle  =  0 
Fa  =  1.293828 
Fb  =  1.0 


The  takeoff  roll  (TOROLL)  calculation  is  divided  into  two  parts.  The  first  part  calculates 
the  noise  exposure  arising  from  the  flight  segment  itself,  while  the  second  part  calculates  an  offset 
to  account  for  the  ground  runup  and  acceleration  effects  of  takeoff.  For  the  flight  segment, 
NOISEMAP  will  use  the  ground-to-ground  propagation  SEL  power  values  (0®  elevation  angle), 
since  the  altitude  at  the  closest  point  of  approach  (CPA)  is  0  ft  ACL.  NOISEMAP  obtains  a 
computed  reference  SEL  power  value,  Eic,  by 

AtG 

Ere  =  10^  •  TFR 


where  TFR  is  a  transition  factor  ratio  and  the  AtG  is  the  Air-to-Ground  propagation  value  at  the 
slant  distance  to  the  CPA,  This  equation  adjusts  the  reference  SEL  power  value  for  lateral 
attenuation  by  interpolating  between  the  reference  Air-to-Ground  and  Ground-to-Ground 
propagation  SEL  power  values  which  are  contained  in  NOISEFILE. 

NOISEFILE  provides  the  Air-to-Ground  (Lag)  ^  Ground-to-Ground  (Lgg)  propagation 
reference  values  to  interpolate  to  the  calculated  slant  distance  in  the  following  manner; 

Lag  (2000')  =  107.9  dB  Lag  (2500’)  =  105.7  dB 

Lgg  (2000*)  =  101 .8  dB  Lgg  (2500')  =  99.7  dB 

Using  NOISEMAP's  algorithm  for  interpolating  the  Transition  Factor  Ratio  (TFR)  and  also  noting 
that  the  value  of  the  Transition  Factor  from  the  NOISEMAP  lateral  attenuation  algorithm  is  1.0, 
then  TFR  becomes; 

-PP  Lgg  (2500')  -  [Lgg  (2000')  -  Lgg  (2500  )1  «  D’ 

“  Lag  (2500')  -  (Lag  (2000')  -  Lag  (2500')]  •  D' 

where  D'  equals  the  fractional  difference  between  the  index  of  the  upper  limit  of  the  interpolation  (a 
number  between  1  and  22  representing  the  one  third  octane  increment)  and  the  fractional  index 
value  of  the  distance  being  interpolated  to.  This  is  determined  by: 
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D 


10  log  (distance)  -  22 
10  log  (2000)  -  22 
33.01029-22  =  11.01029 

D'  =  D  -  [Integer  (D)  +  1] 

=  -0.9897 


In  power  terms  the  equation  becomes: 

9.332543E9-  (1.513561E10-9.332543E9)  •  -0.9897 
“  3.715352E10-  (6.16595E10-  3.715352E10)  •  -0.9897 


NOISEMAP  stores  and  calculates  the  noise  values  using  the  power  value  (not  in  decibels)  and  only 
convens  to  the  dB  value  at  the  final  grid  printout.  The  TFR  computed  is: 


TFR  =  0.2455066 


Next,  NOISEMAP  computes  the  Exposure  Factor,  Cy,  for  this  segment.  In  this  step  NOISEMAP 
al.so  adds  any  noise  level  offsets  with  the  following  equation  in  the  LINEX  subroutine: 

^  ,  sin(COA)-sin(COB)  ^  f ,  (Fa-Fb)  •  OC  ,  cos(COB)-cos(COA)  i 

Oy  -  I  Ic  •  2  ^  1 1  AC-BC  ^  *  2  ^ 


where 


AC‘FB  -  BOFA 
AC-BC 


AC  and  BC  are  the  distances  from  the  CPA  and  points  A  and  B,  respectively.  When  computing 
the  sine  and  cosine  functions,  the  angles  COA  and  COB  are  defined  as  positive  if  the  direction 
from  the  CPA  to  the  point  is  the  same  as  the  aircraft  heading  and  negative  if  opposite.  Fa  and  Fb 
are  correction  factors  that  are  applied  at  points  A  and  B,  respectively.  Currently,  an  altitude 
correction,  the  delta  six  at  the  start  of  takeoff  roll,  airspeed  adjustment  and  DSEL  (a  user  input 
offset  to  the  SEL)  are  used  by  NOISEMAP  in  the  generalized  correction  factors  (see  Section 
2.4.3).  The  Altitude  correction  is  computed  by  the  following  equation: 

Altitude  correction  =  lOKlOOO-ALT)  •  10-5) 


where  ALT  is  in  feet. 

It  is  important  to  note  that  this  correction  is  set  equal  to  1.0  for  altitudes  less  than  1000  ft. 

Since  the  takeoff  roll  algorithm,  TOROLL,  is  invoked,  the  correction  for  the  start  of  takeoff 
roll,  (A^),  is  computed  by: 


where 


A6  =  51og( 


Sfoiaie 


) 


Sicf  =  4779  ft  (length  of  the  Boeing  707  reference  aircraft  takeoff  roll) 

Sroiaie  =  8000  ft  (the  F- 1 5  input  takeoff  roll) 

A6  =  1.118765  dB  -♦  PowerA6-  10^  =  1.293828 

The  takeoff  roll  correction  at  the  point  of  rotation  is  0,  since  the  omega  program  computes  a  Noise 
Profile  data  set  for  the  given  liftoff  speed. 

The  airsi)eed  correction  is  based  on  the  rotation  speed.  However,  during  takeoff  roll,  this 
correction  is  not  applicable.  TTiere  arc  now  user-entered  dB  corrections. 

Cy  can  therefore  be  calculated  as  in  the  following  steps: 

Fa  (dB)  =  Altitude  correction  at  pt  A  +  start  of  TOROLL  Ag  Speed  Adjustment  at  pt  A  + 
DSEL  at  pt  A 

Fa(P)  =  1.293828 

Fb(dB)  =  Altitude  correction  at  pt  B  +  end  of  TOROLL  +  Speed  Adjustment  at  pt  B  + 
DSEL  at  pt  B 

Fb(P)  =  1.000000 

^  f  r  (-12001  •  1  +  4001  •  1.293828) ,  r  (sin  (-80.5®)  -sin  (-63.4®)) , , 

(-12001 -»•  4001)  2 

r  (Fa-Fb)  •  2000  (cos  (-63.4®)  -cos  (-80.5®)) , 

I  -8000  *  2  ^ 

Cy(P)  =  0.049592 

Therefore,  the  flight  part  of  this  segment  noise  exposure  is: 

Ere  •  ICyl  *  LrefAG  *  'TFR  •  ICyl  = 

6.140714E10  •  0.2455066  •  0.049592  =  7.476419E8  (88.74  dB) 

(Note  that  the  reference  air-to-ground  power  level  has  been  interpolated  by  NMAP  using  the 
methodology  shown  for  the  TFR  calculation.) 

In  the  second  part  of  the  TOROLL  calculation,  NOISEMAP  computes  an  adjustment  to  the 
woise  exposure.  This  adjustment  is  added  to  the  noise  exposure  computed  above  to  obtain  the  total 
noise  exposure  for  the  takeoff  roll  segment.  The  Takeoff  Roll  Ground  Runup  noise  level  is 
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computed  by  adding  the  total  directivity  pattern  offset  to  the  ground-to-ground  noise  level  from  the 
start  of  takeoff  roll  to  the  calculation  point.  For  segment  1  the  slant  distance  to  start  of  takeoff  roll 
is  12167  ft  and  the  ground-to-ground  noise  level  from  interpolating  the  NOISEFILE  data  is  81.04 
dB.  The  angle  to  the  calculation  point  is  9.462°  and  interpolating  in  table  1  (page  25)  we  get 
lxlO'35  for  the  adjustment.  This  leaves  us  with  a  value  of  1.27076xl0'27  value  for  the  TOROLL 
adjustment.  This  essentially  adds  no  correction  for  the  runup  portion  of  the  takeoff  roll. 

The  total  noise  exposure  for  this  segment  is  essentially  equal  to  the  flight  segment  exposure 
plus  the  TOROLL  adjustment,  that  is: 

Flight  Segment  1  Noise  Exposure  =  10  log((Eref  +  Etoroll)  *  (TFR  •  ICyl)) 

=  1 0  log {(6. 1407 14E10 -f- 1.27076E-27)*  0.01 21 75286)  =  88.74dB 

3.1.2  Flight  Segment  2 


Subflight  2:3 

The  second  segment  is  divided  further  into  three  subflights.  The  first  subflight  2:3  is  the 
initial  liftoff  segment.  The  aircraft  starts  at  200  kts  and  0  ft  AGL  and  climbs  to  833  ft  AGL  at  a 
climb  angle  of  9.46°.  The  geometry  of  this  subflight  relative  to  the  calculation  point  is  given  in 
Figure  13-2. 


The  following  data  are  needed  for  the  calculation: 


AC  =  -3947' 

COA 

S 

-61.90° 

BC=  1122' 

COB 

s 

28.16° 

SL  =  2105' 

Elevation  Angle 

=r 

17.93° 

The  altitude  at  CPA  =  648' 

TF 

0.0702217 

The  slant  distance  to  CPA  (OC)  =  2105' 

TFR 

= 

.94717 

Flight  Segment  length  (AB)  =  AC-BC  =  -5069' 

Fa 

1.0000 

Lag(2105)  =  55,941 ,890,000  =  107.48  dB 
Lgg(2105)=  13,855,120,000=  101.45  dB 

Fb 

0.9166667 

The  Exposure  Factor,  Cy,  for  the  2:3  subflight  is  evaluated  as  before: 

Cy  =  -0.6395776 

From  this  Cy  a  normalized  value  for  this  subflight  is  determined  by: 
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SL2 

0.639576 

(2105)2 

1. 44341 E-7 


Subfiiehl  3:4 

The  second  subflight  of  segment  2  is  a  climbing  turn  with  a  200G  ft  ground  plane  radius. 
The  aircraft  is  still  climbing  at  the  9.46®  climb  angle  starting  at  833  ft  AGL  and  ending  at  1 ,095  ft 
AGL  after  completing  the  45®  right  hand  turn.  The  geometry  of  subflight  3:4  relative  to  the 
calculation  point  is  shown  in  Figure  1 3-'^. 

The  following  data  are  needed  for  this  calculation: 


Subflighi  Length 

ClimbZ 

AlG(2386) 

GlG(2386) 

Elevation/^ 

TF 

TFR 

Fa 

Fb 


1,593  ft 
9.462“ 

69.882.142,782 

17.411,793,902 

20.43 

0.055937 

0.9580593 

0.9166667 

0.886594 


108.4 

102.4 


The  Exposure  Factor  for  subflight  3:4  is  calculated  by  the  following  equation  in  the  TURNEX 
subroutine: 


R-Sl2(^)(F3|?£^ 


sl 


1  +  1 


Ml, 

0  ^ 


-  2^1) 

den 


where 


SL  =  2386' 
R  =  2000’ 

0  =  -0.785398 
Xo  =  0 
Yo=  1000 
Za  =  833.33’ 
Zb=  1095* 


Symm  =  -1 
den  =  3004.62885 
dci=  -2.97842E13 
SccB=  1.013794 


Db-Da=  1570.7963 


tanp  =  0.166667 


Co  =  Xq  +  yJ  +  -  2RXo  =  5,692,440 


Cl  =  -2RY0+2R  [^^]Za(Symin)  =  -4,551,560 
Zh  Z  2 

C2  =  R2  ( )  +  2R  (0.47483  •  Xq  +  Symm  (.1269  Yo))  =  -395,578 

Thus,  Cy  is: 

Cy  =  3.88186E-4  [599.5194  *  Fg  -  265.3916  (Fa-Fb)] 

=  3.88186E-4  [334.1278  •  Fg  +  265.3916  •  Fb] 

=  0.2102330 

Normalized  exposure  factor  at  CPA  for  subflight  3:4,  Cycpa  =  3.693 19E-8 
Subflight  4:5 


This  subflight  of  the  second  flight  segment  is  a  straight  climb  that  occurs  after  the  45®  right 
hand  turn.  The  aircraft  starts  at  1095  ft  AGL  and  reaches  2000  ft  AGL.  This  subflight  geometry  is 
shown  in  Figure  13-4. 


The  following  data  are  needed  for  this  portion  of  the  calculation: 


AC 

= 

876.8268 

COA 

S 

i6.9r 

BC 

= 

6380.921 

COB 

ss 

65.76° 

Elevation  Angle 

= 

22.41° 

Alt  at  CPA 

= 

1095.133 

TF 

= 

0.046886 

ant  at  CPA 

= 

2872.995 

TFR 

s 

0.9650072 

AB 

= 

-5504  ft 

Fa 

= 

0.886594 

Fb 

= 

0.7639441 

Lag(2873) 

= 

104.6  dB 

Lgg(2873) 

= 

98.6  dB 

Using  the  methodology  for  subflights  1 :2  and  2:3,  the  normalized  exposure  factor  for  this  subflight 
is: 


Cy  =  -0.263393 
Cycpa  =  3.191056E-8 

NOISEMAP  now  adds  the  three  subflights  together  to  get  the  noise  exposure  value  for  the  second 
segment  by  using  the  following  summation: 
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Noise  exposure  segment  2  » 
y  •'subf  _  s 

LAGref  *  V  Z  Cylcpaj  •  TFRi)  •  (  SLdom)^ 
i=I 

*  55.942.000,000  •  (1.44341E-7  x  0.9471701  + 

3.693 19E-8  x  0.9580593  + 

3.191056E-8  X  0.9650072)  •  (2105.98332)2 

=  50.300.936,352 
=  107.02  dB 

it  should  be  noted  that  the  LAGrcf  is  the  reference  air-to-ground  noise  exposure  of  the  dominant 
subflight.  The  dominant  subflight  is  determined  by  the  largest  Cycpa  term,  which  in  this  case 
occurs  at  subflight  2:3.  The  LAGrcf  is  then  determined  from  the  slant  distance  to  the  CPA  of  this 
subflight. 

3.1.3  Flight  Segment  3 


This  section  describes  the  third  flight  segment  which  is  the  final  climb  of  this  flight  profile. 


Subflight  5:6 


This  segment  includes  a  power  cutback  to  85  percent  RPM  and  a  speed  increase  to  250  kts 
for  the  F-15.  The  geometry  of  Subflight  5:6  relative  to  the  calculation  point  is  shown  in  Figure 
13-5. 


AC  =  6218.352 
BC  =  186396.0 
Fa  =  0.7639441 
Fb  =  0.5285548 


AB  = 

180,177 

Slant  CPA  = 

3209.727 

COA  = 

62.6815* 

TF 

COB  = 

88.6840* 

TFR 

ALT  at  CPA  * 

2000' 

Elev  Z 

Lag  (3210)  =«  2.560317E9 
Lgg  (3210)  =  6.153103E8 


0.0078536 

0.9940802 

sin-1  ('^^->  =  38.5° 


From  previous  methods,  the  noise  Exposure  Factor  for  subflight  5:6  is 


Cy  =  0.042032765 

Cycpa  =  4.07992E-9 


Subflight  6:7 

This  last  subflight  of  this  segment  has  the  aircraft  leveling  off  at  10, (XX)  ft  AGL.  The 
geometry  in  Figure  13-6  relates  this  subflight  track  to  the  calculation  point. 
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The  following  values  are  needed  in  this  calculation: 


AC  =  186135.6 

Slant  CPA  =  10.359.57 

BC  =  290706.4 

COA  =  86.8l4-» 

TF  = 

0 

Fa  =  0.5285548 

COB  =  87.959® 

TFR  = 

1.0 

Fb  =  0.5285348 

ALT  at  CPA  =  10.000  ft 

Elevation  Z.  = 

74.9® 

The  noise  Exposure  Factor  for  this  subflight  is: 

Cy  =  0.00024128 

Cycpa  =  2.24822E-I2 

NOISEMAP  now  adds  these  two  subflights  together  to  get  the  noise  exposure  value  for  the  third 
flight  segment. 


Noise  Exposure  for  Segment  3  = 

/  "subf  _  V 

LAGrcf  *  C  Z  Cylepai  •  TFRj  j  •  (  SLdom)^ 
i=l 

=  2560318000  •  (4.07886E-9  •  0.9940802  +  2.24289E-12  •  1.0)  •  (3209.727)2 
=  107011483 
=  80.29  dB 


3.1.4  Overall  Flight  Exposure 


NOISEMAP  computes  the  total  noise  exposure  from  the  flight  profile  by  summing  the 
calculated  exposure  power  values  of  each  segment: 


Segment  1==  10  log(7.476419  E8) 
Segment  2==  10  Iog(50300936352) 
Segment  3==  10  log(10701 1483) 
Total==  10  log(51 155597231) 


88.74  dB 
107.02  dB 
80.29  dB 
107.09  dB 


The  total  flyover  noise  exposure  can  now  be  computed  by: 


Flight  Noise  Exposure  =  SEL  +  10  log  (N^ay  +  10  Nnjghi)  -  49.4 
=  5.1 15597E10  •  100  /  86,400  =  5.920829E7  =  77.72  dB 


3.1.5  Runup  Contribution 

Figure  13-7  shows  the  geometry  for  the  runup  calculation. 
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NOISEMAP  interpolates  from  the  input  runup  data  set  to  get  the  A-weighted  sound  level  at 
the  observer  point.  At  a  120“  propagation  angle,  a  runup  value  can  be  interpolated  from  the 
reference  power  values  in  the  following  manner  (see  Table  4): 


A-Level  at  1,0(X)' 
A-Uvel  at  12,500' 
A-Level  at  12,(XX)' 


75.0  dB  =  31,622,779 

72.3  dB  =  16,982,437 

73.1  dB  =  20,170,528 

Value  =  19,904,649 


The  runup  noise  exposure  is  computed  by: 

Runup  Noise  Exposure  =  AL  +  lOlog  (Durday  +  lODurnighO  -  49.4 

=  (19.904.649  •  (600+10(60))/86.400 
=  276.453 
in  DNL  =  54.42  dB 

3.1.6  Final  Specific  Point  DNL  Calcularinn 

The  final  Noise  Exposure  for  the  calculation  point  is  computed  by  adding  the  DNL 
contribution  of  the  flyover  and  the  ground  runup  operations. 

Flyover  Noise  Exposure  =  59,208,290or  DNL  =  77.72  dB 

Runup  Noise  Exposure  =  280146  or  DNL  =  54.47  dB 

Total  Noise  Exposure  =  59,414,743orDNL  =  77.74  dB 

3.2  Flight  Checks 

The  following  are  a  list  of  flight  procedures  which  NMAP  6.1  checks  to  insure  that  the 
flight  conditions  arc  valid.  Most  of  these  checks  are  redundant  if  the  NMI  file  is  created  by  the 
MCM. 

( 1 )  Aircraft  airborne  at  end  of  runway. 

(2)  Aircraft  is  airborne  before  starting  a  turn. 

(3)  Aircraft  not  descending  below  airfield  elevation  on  a  touch-and-go. 

(4)  Aircraft  landing  glide  slope  is  0.5  <  slope  <  10.0  degrees. 

(5)  Aircraft  altitude  ascends  above  301 .0  feet  in  takeoffs  and  touch-and-go’s. 


-50  - 


(6) 


The  aircraft  subflight  end  distance  is  greater  than  the  beginning  distance  (i.e.,  aircraft  not 
reversing  on  a  subflight  segment). 


(7)  Aircraft  continues  to  ascend  after  a  touch-and-go  and  not  fall  below  301.0  feet  altitude 
within  100  feet  from  brake  release  point. 

Reference  4  has  a  complete  listing  of  the  error  messages  from  the  NMAP  6. 1  and  MCM  programs. 

3.3  Aircraft  Noise  Reference  Database 

The  following  tables  contain  the  complete  list  of  aircraft  in  the  NOISEFILE  6.2  database. 
Table  5  shows  all  of  the  flyover  aircraft  reference  noise  data,  Table  6  shows  the  runup  data  and 
Table  7  shows  the  civilian  aircraft  data. 
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Table  5.  NOISEFILE  6.2  Flyover  Reference  Noise  Database 


0^  9^ 

tu  OS  r*“  r*-  p-* 

O 

u  Q  U  O  O 
Cd  U  U  U  U  U 
H  <  Q  Q  O  Q  Q 
<  O 

QCdr'p^p^r^r*- 

ac  CV*  fN  <N  <N 

o 


9^  9^  On  0\ 

r*  r* 

U  U  O  U 
U  U  ti3  U 
Q  Q  Q  Q 

p^  p*  r* 
fS  CN  04  r>4 


GO  CD  00  00 
00  GO  00  00 

xtccccc 

o  o  o  o 


9N9NON9k  P-P-P-P^P^P-  OOQOOnOO 

P^  P*  P^  P«>  00  00  00  00  00  00  00  00  00  00  00  00  00  00 

uuuu  aseaffiaa  zzzzzz  ooao 

CdtdUU  to  Cl]  U  U  DDDDSD  D  3  Cd  3 

OOQO  (i.  bri  Cl.  bu  P)  P)  <  <  Ch  < 

P-  P*  P*  P'  00  CD  00  00  00  00  O  00 

P4fMfMf>l  rMPiCMCN  <N  PsJ  <N  P4  P4  <N  r-l  r-(  fH  W 


X 

Z  3 

6 

Eh 

< 

z 

2 

s 

X 

z 

O  X 

O  X 

A 

3 

o 

o 

o 

XX  X 

M  3 

Q 

,  ,  A 

O 

Q 

a 

3  3  3 

!S  *5 

Cd 

X  o 

z 

PJ 

M 

X 

A 

z  z  < 

A 

A 

A  A  A 

* 

< 

o 

m 

O  O  (J  u 

z 

o  o  u 

X 

X 

XX  X 

3  (d 

O  O 

cd  « 
o  q 

u 

1 

XU 

o 

u 

o 

u  u 

3 

3 

33  3 

♦H 

>c 

:d  »  Z  < 

bS  ^ 

X 

X 

XX  X 

X  - 

3  3  s 

•>  Q 

X  p« 

2 

o 

551“- 

o 

< 

^  S  o 

O 

Q 

Q  O  X  O 

O  O  O  Q  O  X 

3  O  nH 

A  C3  O 

O  C5  C3  1 

A  A  a  CJ 

O  O  A 

0  A  o  VD 

Z  C5  C3  O 

O  O  Z  C5  O 

51^5 

O 

CO  S  CO 

oSS 

l-i 

O  Q  CO  X 

22° 

O  O  2  A 

^222 

22^22 

C  Q  Q  X  Q  o 

X  o  X 

U  Q  O 

o  a  Q  > 

X  X  X  X 

Q  Q  * 

U  X  Q  X 

A  O  O  Q 

3  O  A  Q  O 

A  A  A  A 

u 

Eh 

X  X  <  < 
X  X  ^  X 

X 

XU  < 

< 

<  ^ 

<  <  X  < 

X  O  O  .J  o 

J  o  3 

X  o  o 

O  O  O  CO 

O  O  X 

X  X  o  3 

u  o  o  o 

O  O  U  O  O  HM 

U  U  X  U 

O  Z  Z  X  z 

X  Z  X 

CO  z  z 

Z  Z  Z  X 

CO  CO  X  Eh 

z  z  < 

A  A  Z  X 

o  z  z  z 

Z  Z  O  Z  Z  Z 

ca  O  <  O 

CO  X  X  cn  X 

CO  CO  CO 

CO  (0  CO 

CO  CO  CO  CO 

CO  CO  CO  CO 

CO  CO  CO 

A  A  A  A 

A  A  A  A 

A  A  A  A  A  A 

A  A  A  A 

Q  H  8^  £h  t*» 

H  £-•  E^ 

E^  E-  Eh 

Eh  Eh  Eh  Eh 

Eh  Eh  Eh  Eh 

£h  Eh  Eh 

EhEhHEh 

Eh  Eh  Eh  Eh 

Eh  Eh  Eh  Eh  Eh  Eh 

Eh  Eh  Eh  Eh 

:  X  ^  X  X  X  X 

1  X 

:  X  o  o  o  o  o 

X  X  < 

X  X  bS 

bs  :d  ^  X 

^  ^  ^ 

:d  u  ^  ^ 

A  ^  < 

tCiCiiC  >c 

^  ^  bS 

o  o  o 

O  O  lA 

O  9N  O  O 

O  9N  O  O 

O  O  wA 

O  A  .H  O 

o  o  o  o 

o  o  o  o  o  o 

<A  O  lA  O 

CO  lo  o  ^  ^  vA 

A  PM 

O  O  PM 

O  9V  P**  O 

O  9v  9t  O 

A  lA  .H 

O  9v  O  P* 

kA  lA  O  A 

lA  lA  PA  O  O  lA 

vA  vD  P* 

PI  CA  PM 

w  w 

PM  P>  r-» 

PA  PI  <H> 

rA  PM  «-t  PM 

rH  PM  *-1 

PA  PI  P>  rM 

.-M  PA  PA  «H 

P>  m  tH  PA  PM  PA 

PM  PA  rH  PM 

£-•  6h  H  E^ 

E-Ent^ 

^E-Eh 

Eh  Eh  Eh  Eh 

EHEHt^X 

EHEHfH 

eh  Eh  Eh  Eh 

Eh  Eh  Eh  Eh 

X  X  ^  li!  Eg  X 

Eh  Eh  Eh  Eh 

1  X  X  X  X  X  X 

XXX 

XXX 

X  X  X  X 

X  X  X  X 

X  X  X 

X  X  X  X 

X  X  X  X 

X  X  X  X 

1  z  o  o  o  o  o 

o  o  o 

o  o  o 

o  o  o  o 

O  O  o  o 

O  O  O 

O  O  O  o 

o  o  o  o 

O  o  o  o  o  o 

o  o  o  o 

1200000 

o  o  o 

o  o  o 

o  o  o  o 

o  o  o  o 

o  o  o 

o  o  o  o 

o  o  o  o 

o  o  o  o  o  o 

o  o  o  o 

1  X  o  o  o  o  o 

o  o  o 

o  o  o 

o  o  o  o 

o  o  o  o 

o  o  o 

o  o  o  o 

o  o  o  o 

o  o  o  o  o  o 

o  o  o  o 

»H  ^  ^ 

tH  W  ^ 

^  »H 

^  ^  ^ 

^  ^ 

*H 

^ 

•H  rH  ^  ^ 

fA  rH  rH  tH  rH 

fA  rH  fA  rH 

£<-<<<<•< 
««£  Cd  ^  fH  ^ 
OC  Z 

CJ  ^  ^  ^  ^  ^  ^ 
OS  Z  I  >  I  i  • 
M  o  u  o  u  o 
< 


Q  O  O  O 
o  o  o  o 
o  o  o  o 

^  ^  ^  rH 
I  I  I  I 
Ci«  Ci«  b.  Cb 


<<<< 

CD  00  CD  00 
^ 

I  I  I  I 


<  <  <  < 

o  o  o  o 


I  )  i  I 

<<<< 


\0  \0  ^  \o 


)  >  I  I  I  I  till 

U«Ci.h«b«Ei«h«  CQCnnCD 


OS  0, 

i  u 

)  OS  2  Cd  O 

:  Cd  o  Cd 
>  ?  ^ 
*  S  X  o  ^ 
.  (J  td 

.  cd  <  z  »J 

}  CO  o  s  < 

]  M  X  p  2 

S  3  o.  H  2 

C  OS  Z  Q 

4  CJ  <<  M  z 


X 

Cd 

S  X  S 
Cd  X  2 
X  2  Cd  o 
Cd  O  2  a« 

§a  o 

X  X 
3  X  CJ 
ffi  X  Cd  < 

X  O  CO  o 

Cd  (d  M  X 
H  ^  3  X 

X  2  X  0* 

<^u  < 


s 

g  «§ 

X  X  u  u 

u  2 

X  2  O 
U  O  X  < 

§“'x“‘ 
3  X  CJ  CJ 
a  X  <  M 
X  O  O  X 
U  U  X  X 
E-*  X  X  < 
X  <  X  K 


X 

u 

g  « 

XX  U 
X  X  2 
X  2  u  O 
u  p  2  X 

§x  o 

X  X 
3  X  U 
X  X  u  < 
X  O  CO  O 
U  U  M  X 

x2xx 


ggsr: 

X  H  < 
O  <  X 
X  U  X 
CJ  H  CJ 

<  <  J  M 

O  K  <  X 
X  Z  X 

xSo^ 

<  Z  Z  H 


X  z 
g  - 

O  XX 
X  u  u 

X  SS  o  o 
U  g  X  X 

S  X  X  Q 
3  U  U 
X  u  <  z 

SCD  o  2 

M  X  U 
X  3  X  H 
X  X  X  z 
<  U  <  M 


Z  o  X  X  X  X  X 
D  z  X  X  X  X  X 

ao  M  X  u  U  U 
CJ 

3  U  O  r4  O  O  PI 
C/J  9Mr>  PI  M  P» 

^  <H  rH  rH  ^  tH 


z  z  z  z  z 

X  X  X  X  X 
•  X  X  X  X  X 


X  X  VO  in  X  X  rH 
Cd  X  X  X  X  X 


u  p"  p*  P*  p'  P* 
CJ  CM  n  PI  PI  PI 
<00000 

M  M  M  X  X 
<  0  X  A  m  A 

CJ  M  ^  ^  ^ 

X  X  ^  m  VO  M 
Q  <  o  o  o  o  ^ 
Z  Z  P*  P*  P^  P*  P^ 
O  PI  PI  PM  PI  PI 

u  o  o  o  o  o 

z  z  z  z  z 


z  z  z 

A  A  A  A 

AAA 

H  E*  H 

asaa 

O.  Otf  A 

X  X  X  X 

XXX 

AAA 

u  u  u  u 

u  u  u 

CJ  U  CJ  CJ 

CJ  CJ  O  U  CJ  u 

CJ  CJ  U  CJ 

O  O  O 

lA  O  lA  A 

VD  P* 

A  VO  VO  VO 

o  o  o  o  o  o 

^  rH  O  P^ 

o  o  o 

o  •  PA 

A  VO  PA 

PA  PM  lA  ^ 

O  O  lA  lA  PA  A 

r*  rH  O  P^ 

A  O  ^ 

•  PI  *  • 

•  »  • 

VO  A  P>  VO 

A  9V  VO  P^  (A  A 

A  A  A  A 

PM  PM  PM 

PM  rH  iH 

rH  »H  rH 

ooo 

zzz 

z  z  z  z 

z  z  z  z 

ZZZ 

z  z  z  z 

zzzzzz 

z  z 

XXX 

XXX 

X  X  X  X 

X  X  X  X 

XXX 

X  X  X  X 

X  X  X  X  X  X 

X  X  X  X 

AAA 

a  ctai  a 

A  A  A  A 

AAA 

A  A  A  A 

A  A  A  A  A  A 

A  A  A  A 

zzz 

hH  M  M 

dd  dd  d»  d^ 

d^  dd  ^  dd 

U  U  U  X 

zzzz 

dd  dd  dd  dd 

dd  dd  dd 

dd^dd^ 

O  PM  P-. 

O  O  O 

lA  lA  rA  A 

O  o  r*>  vA 

O  A  vA 

O  O  O  rH 

lA  O  O  lA 

O  O  CM  lA  (A  O 

lA  A  O  A 

\D  »A  PM 

O  A  A 

A  *  •  A 

O  O  A  > 

O  A  • 

O  O  A  A 

PM  O  O  PM 

9v  ^  0  A 

.  .  A  . 

rH 

^  PM 

rH  r-f 

rH  A 

rH  rH 

PM  P**  PM  PA 

PM 

r»-  9V  A 

A  A 

A 

lA  A  VO  lA 

9V 

A  A  A 

fA  ^  lA 

<A  ^  lA 

rH  <A  ^  lA 

rH  PA  lA  PA 

PA  ^  m 

rH  PA  ^  lA 

lA  rH  PM  PA 

rH  PA  lA  vO  PA  ^ 

rH  ^  A  ^ 

O  O  O 

O  O  O 

o  o  o  o 

O  O  O  rH 

O  O  O 

O  O  O  O 

O  rH  rH  rH 

O  O  O  O  rH  rH 

O  O  O  rH 

AAA 

A  A  9V 

o  o  o  o 

^  ^  rH  ^ 

PI  PM  PM 

PA  PA  PA  ^ 

p^  r-  P^ 

A  0  A  A  0  A 

A  A  A  A 

PM  PM  PM 

PI  PM  PM 

PA  PA  «A  ^ 

PA  CA  fA  PA 

PA  ^  ^ 

PA  PA  lA  ^ 

PA  PA  PA  PA 

^  ^  ^  ^  PA  PA 

PA  ^  PA  PA 

O  O  O 

O  O  O 

o  o  o  o 

o  o  o  o 

o  o  o 

O  O  O  O 

o  o  o  o 

o  o  o  o  o  o 

o  o  o  o 

»H  M  M 

M  hH  M 

Z  M  X  M 

z  M  M  X 

M  M  fH 

Z  M  M  M 

*H  M  IH  M 

Z  M  M  M  M  M 

Z  P<  M  t-l 

<  <  < 

<  <  < 

<<<< 

<  <  <  < 

<<< 

<<<< 

<  <  <  < 

A  A  A  A  A  A 

A  A  A  A 

rH  .H  *H 

^  rH 

.H  rH 

rH  rH  rH  tH 

rH  ^  ^ 

rH  rH  rH  rH 

rH  rH  ^  rH 

♦H  rH  ^  ^  rH 

rH  rH  rH  rH 

fA  ^  VA 

PA  ^  VA 

f-H  PA  HI*  VA 

rH  PA  VA  PA 

PA  Hd  lA 

rH  PA  lA 

»A  rH  PM  PA 

rH  PA  lA  A  PA  *• 

rH  ^  A  ^ 

O  O  O 

o  o  o 

o  o  o  o 

O  O  O  rH 

O  O  O 

O  O  O  O 

O  rH  rH  rH 

O  O  O  O  rH  rH 

O  O  O  rH 

AAA 

A  A  9n 

o  o  o  o 

rH  rH  rH  ^ 

PM  PM  PM 

PA  PA  fA  PA 

f-*  P^  P^ 

A  A  A  A  A  A 

AAA  A 

PM  PM  PM 

PI  PM  PM 

PA  ^A  PA 

PA  PA  PA  ^ 

PA  PA  PA 

^  PA  PA  PA 

<A  PA  PA  <A  PA  PA 

pA  PA  ^  ^ 

O  O  O 

O  O  O 

o  o  o  o 

o  o  o  o 

O  O  O 

O  O  O  O 

o  o  o  o 

o  o  o  o  o  o 

O  O  O  O 

ZZZ 

ZZZ 

z  z  z  z 

z  z  z  z 

ZZZ 

zzzz 

zzzz 

zzzzzz 

ZZZZ 

-53- 


r> 

5  r*  r*  r** 

X  X  X  X  X  X 

Q 

0\  X  X 
r**  f*^ 

X  X  X  X  X 
f*“  r*  f**  r* 

X  X  X  X 
r«*  p«* 

m 

CO  KD  CD  CO 

XXX 
p*  p-*  p» 

X  X  X  X 
r-  p-  p* 

XXX 
P*  P*  P' 

XXX 
p'  p“  p- 

X  X  X 
p- 

X  X  X  X 
p*  p«*  p-  p* 

M 

S 

sO>>>> 

CO  o  p  p  O 
H^ZZZZ 
^  o 

Q  O  O 

DEC 

DEC 

DEC 

DEC 

DEC 

U  O  U  O 
CO  X  u  u 
o  a  o  o 

mama 
tautata 
X  X  X  X 

DEC 

DEC 

DEC 

O  U  O  U 

xxxx 

Q  O  O  Q 

DEC 

DEC 

DEC 

DEC 

DEC 

DEC 

DEC 

DEC 

DEC 

U  U  O  U 
X  U  U  X 
Q  O  Q  Q 

X 

o  a  o  o  o  o 

X  rU  ^  fH 

O 

h-  r* 

<M  <M  <>* 

r-  r**  p*  r*  r*» 

P4  CN  <N  P4 

r*-  p*  r-  r» 

n  P4  CM  fN 

X  X  X  X 
<N  fS  CM  PM 

P'  P'  P- 
CM  PM  PM 

P'  P-  p»  p' 
PM  PM  PM  PM 

P-  P'  P* 
PM  PM  PM 

P*  P-*  P» 
PM  PM  PM 

p*  p*  r* 
PM  PM  PM 

p^  p**  p-  p» 
PM  PM  PM  PM 

S  §  o  o  5 

O  u  Z  Z  Cu 


O  O  O  Q  Q 

Q  o  o  as  tf 

o  o  o  S  U 

z  z  z  o  o 


o  o  o  o 

5SSS 

Q  O  O  Q 


C3  O  O  O 

5535 

Q  O  Q  O 


Z  Z  M 

o  o  o- 

ti3  £t9  5 
^  b« 

5  5  o 

{Q  O  Z  U 

Q  Q  ^  5 

U  ti3  QC  O 
CO  ct)  2 

a.  0.  CO  o 

(0  CA  o  Z 


i  ii 

8  88 

CO  CA  O) 
Ai  fti  ft* 

3  33 

bu  bu  bri 

O  O  Q 

3S3§ 


CO  o  CO  to 

o  z  o  o 


X  X  X  X 
06-«8^84H 
as  U  X  X  X 
*H  U 

<  a<  o  o  o  o 

X  P-  P-  l/>  ^ 
w  W  PM  rM 

XXX 
8^8^84 
X  X 

X  X  X  X  X 
H8m  t<8«H 
X  X  X  X  X 

X  X  X  X 
8^  8^  8^  8^ 
X  X  X  X 

X  X  X  X 
8^  8^  8^  8^ 
X  X  X  X 

XXX 
8^  8^  8^ 
XXX 

X  X  X  X 

X  X  X  X 

XXX 

8^HH 

XXX 

XXX 

XXX 

XXX 

H8^8m 

XXX 

X  X  X  X 
8^  84  8m  8m 
X  X  X  X 

o  o  o 

P*  Lft 

•H  PM  W 

0X000 
^^0X0 
PM  PM  PO  »-l  PO 

0  0  in  0 
m  0  PM  r- 

/«)  /n  PO  w 

0000 
iO  0  00  po 

PO  n  PM  rH 

000 
0  in  CD 

PM  I-*  PM 

0000 
tn  in  0  0 

m  PO  PM  P»> 

000 
0  Ov  ^ 

rH  rH 

000 
in  NA  0 

PM  P? 

moo 
p»  PM  m 

W  rU  fH 

m  0  0  0 
so  m  ^  m 

rM  rH  W 

E-I  U  g  g  g  g 

ggg 

ggggg 

tttt 

^  8^  8^  fH 
X  X  X  X 

8^  8^  H 
XXX 

{-•e-*8^8^ 

X  X  X  X 

ggg 

ggg 

gggg 

S  S  o  o  o  o 
J  2  o  o  o  o 
X  flfl  o  o  o  o 
^  ^  ^ 

o  o  o 
o  o  o 
o  o  o 

^  »H 

o  o  o  o  o 
o  o  o  o  o 
o  o  o  o  o 

^  ^  ^  rM 

0000 
0000 
0000 
^  ^  ^  ^ 

0000 

0000 

0000 

rU  W  *H  •H 

1000 

1000 

1000 

0000 

0000 

0000 

«H  ^  •H  W 

1000 

1000 

1000 

1000 

1000 

1000 

1000 

1000 

1000 

0000 

0000 

0000 

fH  rM  tH  fH 

X 

2X0000 

OS  Z  CM  PM  PM  PM 

C|  2  ^  0^ 

Z  X  Z 

PM  PM  PM 
4/) 

o  o  o  o  o 
66660 

rH  ^  ^  ^ 

M  X  X  X 
m  i/t  cn  X 

2  2  2  2 
i/>  in  i/>  t/» 
^  ^  ^  ^ 

XXX 

p*-  p^  p^ 
in  in  in 

Z  ffl  z  z 

W  rU  fH  t-M 

0000 

«H  rM  ^ 

<<<< 

<<< 
O'  Oi  Oi 

3  ^ 

O'  Ov  Ov 
rM  rM 
rM  rM  *H 

W  fH  •H  fH 

W  PM  PM  PM 

M  flb  CP  (A  fl 

2 

CP  CO  CP 

Cb  X  bu  X  X 

X  X  Cb  bb 

X  Cb  X  X 

mam 

X  bb  X  Cb 

u  0  u 

0  y  0 

uuu 

0  0  0  6 

Z  M  z  »  P 

o  H  >  &  X 

M  flu  b  Cu  U 
E-i  M  bu  bu  00  ^ 

u  CA  ^  M  s  a< 
a.co2i3xo« 

O  O  H  8^  O  < 


3  £  X  o 

3  bu  CJ  U 
X  Ob  CO  <  z 

gsssi 

EsiSig 

<  frl  U  <  M 


2  £x 

X  b.  U 

O  b.  U  < 

eJSSS: 

<  u  < 


i 

X  3  U  O 

CO  o  1  X 

§  ^  X  X 
3  bu  O 
ffl  bu  u  < 
X  O  CA  O 
CO  U  M  X 

esss: 

<^u< 


3  O 

2X  X 
X  u 
CO  3  U 
X  3  O  H 
CO  o  X  «< 
z  X  M 

3  X  o 

3  X  U  u 

S  X  <  z 

go  o  3 

U  X  u 

£3g:g 

<  H  -C  M 


X  X  o 
X  u  u 
X  u  <  z 

SCA  o  5 

M  X  U 
H  U  <  M 


w 

z  0  Z  Z  Z  Z 

z  z  z 

z  z  z 

ZZZ 

z  z  z  z 

D  Z  Z  Z  Z  Z 

z  z  z 

Z  Z  Z 

zzz 

z  z  z  z 

so 

^  0  Z  Cd  U  U 

Cd  Cd  u 

z  z  z 

zzz 

z  z  z  z 

» 

O  y  r-  r-  CO  r- 

mom 

000 

000 

0000 

bj  X  p>^  rt  «  m 

'O  <H  PM 

0  m  m 

000 

0  m  0  m 

w 

2  .... 

... 

p*  PM  m 

O"0  0 

O'  m  so  ro 

bb 

U 

>  PM  PM  tH  .H 

^  rM  rM 

PM  PM  PM 

PM  PM  PM 

CM  PM  PM  PM 

X 

M 

S 

z  z  z 

0 

M  Z  X  Z  X 

S  X  X 

zzzzz 

z  z  z  Z 

z  z  z  z 

Z  Z  Z 

z  z  z  z 

0  C3  0 

sss 

0000 

z 

^  Z  Z  Z  Z 

**».b  V,  ^ 

Z  Z  Z  Z  Z 

z  z  z  z 

z  z  z  z 

z  z  z 

z  z  z  z 

z  X  X 

X  X  X  X 

XXX 

ZZZZZ 

z  z  z  z 

z  z  z  z 

z  z  z 

z  z  z  z 

ZZZ 

z 

ABA 

zzz 

M  M  M 

zzz 

zzz 

zzzz 

M 

X  Z  ^ 

bJ  bJ  3 

^  «P  dd 

dd  dd  ^  dd 

dd  dd  ^ 

«d  cd  dd  dd 

u  u  u 

M  M  M 

M  M  M  M 

< 

K  b<  «  v  i/i  VO 

oom 

0  0  PM  m  PM 

tH  rM  0  PM 

fH  0  m  m 

0  PM  PM 

m  0  O'  CD 

0  p' m 

p>  m  0 

X  so  m 

CD  pn  m  0 

8m 

0  O'O'  •» 

Ot-lsO 

0  0  O'  O'  O' 

0  0  CO  00 

O'  O'  •  P' 

0  00  O' 

*  •  CD  CD 

m  PM  pn 

O'  m  p.- 

r>  .  • 

m  p*>  m  *0 

& 

0  PM  m  ^  m 

pn  ^  m 

.H  fn  ^  m  so 

.H  pn  ^  m 

.H  m  ^  m 

m  so 

bM  r>  m  so 

m  m  so 

r>  m  so 

m  so 

r)  ^  m  so 

1 

zo  0  0  0 
0 

000 

00000 

0000 

0000 

000 

0000 

000 

000 

000 

0000 

>• 

bd 

0  p^  r)  pn  pn 

^  ^  ^ 

m  m  m  m  m 

so  so  so  so 

pM  rM  bH 

000 

bH  ^  bH  bM 

CM  PM  CM 

pn  m  pn 

^  ^ 

m  m  m  m 

z 

U  ^  ^  ^  ^ 

^  -M*  ^ 

^  ^  ^  ^  ^ 

^  ^  ^  ^ 

SO  SO  SO  SO 

p**  p^ 

r*  r*  p»  r** 

p^  p- 

p»  p^  p* 

p^  p* 

p«*  p-  p-  p* 

z 

2  0  0  0  0 

000 

00000 

0000 

0000 

000 

0000 

000 

000 

000 

0000 

0 

z  M  t-M  M 

M  M  M 

Z  M  M  M  Z 

z  M  Z  M 

Z  M  Z  M 

M  H«  H< 

Z  IH  M  Z 

M  W  M 

M  M  M 

M  M  Z 

M  Z  M  z 

X  ^  a  2  2  2 

222 

2<<<< 

2  2  2  2 

2  2  2  2 

<<< 

2222 

2  2  2 

2  2  2 

222 

2222 

y  td  ^  ^  w  *.M 

^  •H  ^ 

^  ^  W  W 

rH  rH  r4  ^ 

rH  bU  b^  ^ 

bH  ^  bH  bH 

^  fH  bH 

bH  «H  ^ 

»H  ^  bH 

^  fH  W  bH 

u  z  PM  m  ^  m 

pn  ^  m 

.-4  pn  <«p  m  SO 

rM  m  ^  m 

po  m 

m  m  SO 

bH  m  m  SO 

m  m  SO 

pn  m  SO 

pn  m  SO 

m  ^  m  >0 

2 

020000 

000 

00000 

0000 

0000 

000 

0000 

000 

000 

000 

0000 

3 

z  z  p^  p^ 

^  ^  ^ 

m  m  m  m  m 

SO  SO  SO  SO 

bH  bH  ^  ^ 

000 

bH  bH  .H  bH 

PM  PM  CN 

M  PO  ^ 

^  ^  ^ 

m  m  m  m 

2 

0  Mp  ^  ^  ^ 

^  ^  ^ 

^  ^  ^  ^  ^ 

^  ^  ^  ^ 

SO  SD  SO  SO 

p^  p-  p* 

r*-  p- 

p»  p*  p** 

p»  p^  p* 

p-  p*  p» 

po*  r«  p*  p«* 

3 

u  0000 

000 

00000 

0000 

0000 

000 

0000 

000 

000 

000 

0000 

X 

zzzz 

zzz 

ZZZZZ 

ZZZZ 

ZZZZ 

ZZZ 

ZZZZ 

zzz 

zzz 

ZZZ 

zzzz 

COMDECK  POWER  SETTING  VALUE4UNITS  OPERATION  POWER  AIRCRAFT  SLANT  AIR  DATE  OF 

NAME  ACC  OPC  FIRST  SECOND  DESCRIPTION  NAME  RANGE  SPEED  DRAG  CONFIGURATION  OMEGA  6  RUN 

N076031AI  076  01  4S  IN  HG  TAKEOFF  POWER  U-4U  1000  FT  170  KTS  10%  FLAPS,  GEAR  DOWN  27  DEC  79 

N076051AI  076  05  24  IN  HG  APPROACH  POWER  U-4B  1000  FT  100  KTS  40%  FLAPS,  GEAR  DOWN  27  DEC  79 

N076061AP  076  06  30  IN  HG  INTERMEDIATE  POWER  U-4B  1000  FT  180  KTS  NO  DRAG  27  DEC  79 
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Table  5.  NOISEFILE  6.2  Flyover  Reference  Noise  Database  Cont'd 


COMDECK  POWER  SETTING  VALUE4UNITS  OPERATION  POWER  AIRCRAFT  SLANT  AIR  DATE  OF 

NAME  ACC  OPC  FIRST  SECOND  DESCRIPTION  NAME  RANGE  SPEED  DRAG  CONFIGURATION  OMEGA  6  RUN 

N130031AI  130  03  100  %  RPM  2.4  EPR  TAKEOFF  POWER  A-4C  1000  FT  250  KTS  27  DEC  79 

N130041AI  130  04  83  %  RPM  1.5  EPR  CRUISE  POWER  A-4C  1000  FT  300  KTS  NO  DRAG  27  DEC  79 

N1300S1A1  130  05  93  %  RPM  1.8  EPR  APPROACH  POWER  A-4C  1000  FT  150  KTS  GEAR  AND  FLAPS  DOWN  27  DEC  79 
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COMDECK  POWER  SETTING  VALUEiUNITS  OPERATION  POWER  AIRCRAFT  SLANT  AIR  DATE  OF 

NAME  ACC  OPC  FIRST  SECOND  DESCRIPTION  NAME  RANGE  SPEED  ENGINE  TYPE  OMEGA  6  RUN 

N230031AI  230  03  14000  LBS  TAKEOFF  8727-2017  1000  FT  160  KTS  JT80( AC-LINED)  14  JAN  88 

N230041AI  230  04  6000  LBS  CRUISE  B727-2D17  1000  FT  160  KTS  JT8D(AC-LINED)  14  JAN  88 

N230051AI  230  05  3000  LBS  LANDING  B727-2D17  1000  FT  160  KTS  JT8D(AC-LINED)  14  JAN  88 
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APPENDIX  A 


NMAP  6.0  Flowchart 


The  following  is  a  program  flowchart  of  NMAP  6.0.  Figures  1  through  1 3- A  show  the 
overall  structure  of  the  program  and  the  remaining  pages  show  the  individual  subroutine 
structures.  Subroutines  are  listed  alphabetically. 
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Figur«  1.  tUin  Prograa  Proe«dur«  C«ll  Rcftrcnc* 


Figura  2.  Subroutin*  RDCA*D  Proetdur#  Call  *«ffr«nc« 
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TIPAGE 


Figure  3«  Subroutine  INTLZE  Procedure  Cell  Reference 


Figure  4*  Subroutine  ERRMSC  Procedure  Cell  Reference 
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Figure  S*  Subroutine  FROCES  Procedure  Cell  Reference 
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Figure  6.  Subroutine  SIMCHK  Procedure  Cell  Reference 
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Figure  7<  Subroutine  XAIRFL  Procedure  Call  Reference 


Figure  8*  Subroutine  XRUNVA  Procedure  Call  Reference 
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Figure  9«  Subroutine  XFLICH  Procedure  Cell  Reference 


Figure  10.  Subroutine  XFLTTR  Procedure  Cell  Reference 
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Figure  11.  Subroutine  XRUNUP  Procedure  Cell  Reference 


Figure  12.  Subroutine  XRNPPA  Procedure  Cell  Reference 
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Figure  14.  SubPrograa  ATRBUT  Flow  Diagrea 
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Figure  18*  SubPrograa  CRVTRK  Flow  Diagram 
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Figure  19*  SubProgrea  CURVE  Flow  Dlegraa 
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Figure  20.  SubFrograi  ENDMSG  Flow  Diegrea 
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Figure  21.  Subprogram  EPNLO  Flow  Diagram 
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Figure  22*  SubProgran  ERRMSG  Flow  Diagrea 
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Figure  23.  Subprogram  FLPATH  Flow  Diagram 
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Fifur*  24 •  SubProgru  FLTEX? 
Flow  Oi<gr«a 


Figure  25.  Subprogram  GREPNL 
Flow  Diagram 


Figure  26.  Subprogram  CRUNUP 
Flow  Diagram 


Figure  27.  Subprogram  INTLZE 
Flow  Diagram 
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Figure  28*  SubProgrea  LINESD  Flow  Diegm 
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SubPrograa  LINEX  Flow  Diagraa 
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SttbPropaa  HAMSCH  Figurt  31.  Subprogram  NEUPG 

Plom  Diagram  Flow  Diagram 
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Figure  32.  SubPrograa  PRELUO 
Flow  Diagraa 


Figure  36.  SubPrograa  RSCARO 
Flov  Diegraa 
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Figure  37.  SubProgm  RJCHAR 
Flow  Diagrea 
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Figure  39. 


SubPrograa  SELECT 
Flov  Diegrea 


Figure  40.  SubPrograa  SFLTEX  Flov  Diagrao 
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Figure  41.  Subprogram  SGREPN 
Flow  Diagram 
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Figure  4S*  SubPrograa  SUPPAG  Flow  Diagraa 
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Figure  46.  Subprogram  TIMER  Flow  Diagram 
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Figure  47. 


Subprogram  TIPACE 
Flow  Diagram 


Figure  48.  Subprogram  TURNEX 
Flow  Diagram 
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Figure  53«  SubPrograa  XALTUD 
Flow  Diagram 
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Figure  54.  SubProgrea  XARZA  Flow  Diegrea 


Figure  55 •  Subprogram  XECHO 
Flow  Diagram 


Figure  56«  Subprogram  XEND 
Flow  Diagram 
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Figure  59*  Subprogram  XFLTDS  Flow  Diagram 


Figure  59'*A.  SubProgrea  XFLTDS  Flov  Diegrea 
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Figure  60 •  SubProgrea  XFLTTR  Flow  Diagrem 
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Figure  60-A.  Subprogram  XFLTTR  Flow  Diagram 
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Figure  61.  SubPrograa  XNAVAI  Flow  Diagraa 
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Figure  62'A.  SubPrograa  XFNLT  Flow  Diagram 
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Figure  62-B.  Subprogram  XPNLT  Flow  Diagram 
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Figure  63*  SubProgm  XPROCE  Flow  Diagrei 
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Figure  66.  SubPrograa  XRUNUP  Flow  Diegren 
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Figure  67.  SubProgrea  XSAELA  Flow  Diagrea 


igure  69*  Subprogram  XTOROL  Flow  Diagram 


Figura  70*  Subprogram  XUNITS  Flow  Diagram 


APPENDIX  B 

Summary  of  NMAP  6.0  Subroutines 
B.l  COMMON  VARIABLES 

The  NOISEMAP  program  makes  extensive  use  of  common  storage  in  the  form  of 
labeled  common  blocks.  U.se  of  common  storage  reduces  program  memory  requirements  and 
allows  large  amounts  of  data  to  be  passed  between  calling  subprograms  without  needing  to  be 
passed  in  lengthy  parameter  li.sts. 

The  various  labeled  common  blocks  occur  only  in  the  subprograms  in  which  the 
variables  are  used.  All  common  block  variables  are  initialized  in  the  BLOCK  DATA 
subroutine.  All  variables  in  labeled  common  blocks  are  listed  in  Table  3.  The  following 
sections  describe  the  labeled  common  blocks. 

CHRVAR  Common 

All  character  variables  used  in  common  are  contained  in  CHRVAR. 

COMPUT  Common 

Variables  needed  to  compute  noi.se  exposure  such  as  flight  path  parameters  and  volume 
of  operations  are  contained  in  COMPUT. 

eXAREA  Common 

The  variables  in  CXAREA  are  primarily  used  in  the  calculation  of  the  approximate  areas 
within  selected  contour  lines. 

ERROR  Common 

The  variables  in  ERROR  are  used  to  keep  track  of  the  page  number  on  which  errors  and 
warnings  occurred  and  number  of  errors  and  warnings  issued  by  the  program. 

EXPOS  Common 

The  variables  in  EXPOS  are  used  to  compute  the  noi.se  exposure  for  grid  points. 
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FACTO  Common 


The  variables  in  FACTO  are  correction  factors  used  in  computing  noise  exposure. 
FLIGHT  Common 

The  variables  in  FLIGHT  are  primarily  used  to  store  flight  track  and  altitude  profile 

data. 

GRD  Common 

Labeled  common  GRD  stores  the  array  of  grid  points. 

INPUT  Common 

The  variables  in  INPUT  are  used  to  input  data  from  the  run  file  and  contain  the  x  and  y 
coordinates  of  the  grid  origin. 

LATATN  Common 

The  variables  in  LATATN  are  used  in  lateral  attenuation  calculations. 

MNEMIC  Common 

The  variables  in  MNEMIC  indicate  the  type  of  data  that  is  contained  on  the  input  records  of  the 
run  file.  These  key  words  or  mnemonics  arc  defined  in  Section  4  and  are  also  contained  in  the 
variable  definition  list  in  Appendix  B. 

NAVAID  Common 

All  variables  in  NAVAID  contain  navigational  aid  information. 

OFFSET  Common 

The  variable  in  OFFSET  contains  the  offset  dB  factors  used  in  the  calculation  of  noise 
exposure  due  to  ground  runups. 

PFRMNC  Common 

The  variables  in  PFRMNC  contain  the  names  of  flight  and  runup  descriptors,  noise 
data  sets,  altitude  profiles  and  size  of  the  various  arrays. 
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RUNUP  Common 


These  variables  are  related  to  data  concerning  runup  pads  and  the  minimum  threshold 
value  for  computing  noise  exposure  due  to  ground  runups. 

RUNWAY  Common 

The  variables  in  this  labeled  common  contain  the  input  data  for  runways. 

STATUS  Common 

These  variables  indicate  the  status  of  various  facets  of  the  program  such  as  the  current 
version  number  of  the  NOISEMAP  program,  the  noise  measure  being  calculated  and  program 
flags. 

SUMMRY  Common 

The  variables  in  SUMMRY  contain  input  and  calculated  noise  data  for  specific  points. 

B.2  MAIN 

The  purpose  of  the  MAIN  program  is  to  open  the  input  and  output  files,  and  to  control 
program  flow.  When  NOISEMAP  is  executed,  the  first  action  taken  in  MAIN  is  to  open  the 
input  file  GJnit  5)  and  the  output  file  (Unit  6).  The  input  file  is  the  "run"  file  and  the  output  file 
on  Unit  6  contains  an  echo  of  the  input  data,  error  and  warning  messages,  and  specific  point 
output  if  requested.  This  printed  output  file  is  referred  to  as  the  Chronicle.  The  input  file 
consists  of  data  in  card  image  format.  Each  card  image  contains  80  characters  divided  into 
twelve  fields.  The  first  field  in  each  card  is  a  mnemonic.  The  mnemonic  is  a  key  w’ord  that 
identifies  the  type  of  data  contained  on  the  card.  The  mnemonic  is  interpreted  in  MAIN  and  a 
subprogram  is  called  to  process  the  input  data  on  the  card.  The  subprogram  returns  control  to 
MAIN  when  the  subprogram  has  completed  all  processing  associated  with  the  data  card  and 
any  continuation  cards. 

Only  sequence  dependent  mnemonics  are  checked  in  MAIN.  Sequence  indep)endent 
mnemonics  are  processed  in  subprograms  SIMCHK  and  SELECT.  If  the  mnemonic  is  not 
recognized  in  MAIN  then  subprogram  SIMCHK  is  called  to  check  sequence  independent 
mnemonics.  The  following  sequence  dependent  mnemonics  are  processed  in  MAIN: 
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MAIRFL  - 

"AIRFLD" 

(airfield  card) 

MRUNWA  - 

"RUNWAY" 

(runway) 

MFLTTR  - 

"FLTTRK" 

(flight  track) 

MFLIGH  - 

"FLIGHT" 

(flight  operations) 

MRNPPA  - 

"RNPPAD" 

(runup  pad) 

MLALTU  - 

"LALTUD" 

(list  altitude  profiles) 

MRUNUP  - 

"RUNUP" 

(runup  operations) 

If  sequence  dependent  mnemonics  are  not  encountered  in  the  correct  order,  e.g.,  a  runway  card 
is  processed  before  an  airfield  card,  then  an  error  message  is  issued.  The  program  will 
continue  to  process  the  input  file  but  will  not  do  any  noise  calculations.  However,  if  25  errors 
have  been  detected  in  MAIN,  then  the  program  will  terminate  with  the  following  message: 
"ABNORMAL  STOP  IN  MAIN  -  EXCESSIVE  ERRORS." 

B.3  ATRBHT 

PARAMETERS;  (NEW) 

Subroutine  ATRBUT  is  called  by  FLPATH  to  merge  parameters  from  the  altitude 
profile  and  the  flight  track  to  create  the  three  dimensional  flight  path.  The  parameter  NEW 
indicates  whether  the  point  being  admitted  is  from  the  flight  track  or  altitude  profile.  The  first 
point  admitted  to  the  flight  path  is  always  taken  from  the  first  point  of  the  flight  track. 
Subsequent  points  admitted  to  the  flight  path  are  either  from  the  altitude  profile  or  the  flight 
track  depending  on  the  value  of  NEW.  Subroutine  FLPATH  determines  whether  the  next  point 
to  be  added  to  the  flight  path  comes  from  the  altitude  profile  or  the  flight  track  and  sets  the 
value  of  NEW.  There  are  two  main  branches  in  ATRBUT:  one  branch  processes  points  from 
the  altitude  profile  and  the  other  branch  processes  points  from  the  flight  track.  Each  branch 
further  subdivides  the  process  ba.sed  on  whether  or  not  the  point  being  evaluated  is  on  a 
straight  line  segment  or  on  a  curved  segment.  If  the  point  lies  on  a  curved  segment  and  the 
angle  of  curvature  is  greater  than  60  degrees,  then  the  angle  is  subdivided  into  equiangular 
segments  with  smaller  angles  of  curvature. 

B.4  CHERCH 

Subroutine  CHERCH  is  called  by  PROCES  to  update  the  NOISEMAP  grid  at  points 
where  the  flight  exposure  exceeds  a  given  threshold.  The  search  for  grid  points  of  significant 
flight  exposure,  i.e.,  the  flight  exposure  exceeds  a  preset  threshold,  is  performed  using  the 
flight  path  as  a  base  pattern.  Traversal  along  the  ordinate  (y  axis)  is  initiated  successively  from 
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two  points  on  each  flight  path  segment:  an  end-point  and  a  mid-point.  The  point  from  which 
traversal  is  initiated  at  any  instant  is  called  a  reference  point.  After  completion  of  traversal 
along  the  ordinate  from  a  reference  point,  a  new  reference  point  is  chosen  whose  abscissa  (x 
axis)  is  one  grid  unit  to  the  left  or  right  of  the  current  reference  point  and  whose  ordinate  is  the 
mid-point  of  the  extent  of  traversal  along  the  ordinate  from  the  current  reference  point.  This 
search  algorithm  results  in  dynamic  tracking  of  the  flight  path  and  thus  ensures  that  no  points 
of  significant  exposure  are  mis.sed. 

When  a  significant  point  is  found,  the  flight  exposure  at  that  grid  point  is  assigned  a 
negative  value.  This  prevents  redundant  computations  of  flight  exposure  at  the  same  point  for 
a  given  flight  path.  The  farthest  point  of  traversal  in  each  direction  is  kept  track  of  by  four 
pointers.  When  grid  traversal  is  complete,  the  points  of  significance  whose  signs  need  to  be 
restored  lie  entirely  in  the  rectangle  bounded  by  these  four  pointers. 

B.5  CLEAR 

Subroutine  CLEAR  is  called  by  SIMCHK  to  reset  the  flight  descriptor,  altitude  profile, 
flight  noise  profile,  runup  descriptor  and  runup  noise  profile  arrays  to  zero.  Subroutine 
CLEAR  is  invoked  when  SIMCHK  reads  a  "CLEAR"  card. 

B.6  CPAREA 

Subroutine  CPAREA  is  called  by  XAREA  to  calculate  the  approximate  area  within 
specified  contours.  Up  to  eight  contour  levels  can  be  evaluated. 

B.7  CRVTRK 

PARAMETERS: 

(XCSTRT,YCSTRT,OLDHD.YCEND,HEAD,XCENT,YCENT,R,ANGLE) 

Subroutine  CRVTRK  is  called  by  ATRBUT,  PROCOR  XFLIGH  and  XFLTTR  to 
compute  the  end  point  of  a  circular  flight  track.  The  following  data  are  used  for  compute  the 
end  point:  beginning  point,  the  analytical  heading  of  the  beginning  point,  and  the  radius  and  the 
angle  subtended.  The  following  method  is  used  to  calculate  the  end  point  and  the 
corresponding  heading.  At  the  origin  measure  a  length  equal  to  a  radius  along  the  x  axis;  this 
section  is  positive  for  a  left-hand  turn.  Rotate  this  section  around  the  origin,  clock-wise  for  a 
right-hand  turn,  counter-clock-wise  for  a  left-hand  turn.  Translate  to  a  coordinate  system 
where  the  origin  is  located  at  the  beginning  point  of  the  turn.  Rotate  around  this  origin  so  that 
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the  analytical  heading  at  the  beginning  of  the  turn  is  correct.  Translate  the  curved  section  thus 
obtained  to  the  point  where  the  turn  takes  place  on  the  map.  The  newly  found  end  point  and 
the  corresponding  heading  at  that  point  are  returned  to  the  calling  subprogram. 

B.8  CURVE 

PARAMETERS:  (X,XARRAY,I,J.K,YARRAY.M,N,L.NPTS) 

The  function  CURVE  is  called  by  ATRBUT  and  XFLIGH  to  perform  an  interpolation 
between  two  values  passed  as  arguments  (XARRAY  and  YARRAY)  and  returns  the 
interpolated  value. 

B.9  ENDMSG 

Subroutine  ENDMSG  is  called  by  many  subroutines  to  print  a  line  of  asterisks  to 
terminate  a  message  on  the  output  file. 

B.IO  EPNLD 

Parameters:  (INDEX, SLANT.ALTUD) 

The  function  EPNLD  is  called  by  FLTEXP,  SFLTEX,  SPRUNU  and  SRUNUP  to 
compute  the  difference  between  the  real  EPNL  for  a  flight  segment  and  the  air-to-ground  value 
of  the  EPNL  curve.  One  of  two  algorithms  is  used  depending  on  the  status  of  the  lateral 
attenuation  flag  "FLTSAE."  If  the  flag  is  'FALSE'  then  the  original  NOISEMAP  lateral 
attenuation  algorithm  is  used.  If  the  flag  is  'TRUE',  then  the  SAE  AIR  1751  algorithm  is 
employed.  The  flag  is  set  in  subroutine  XFLIGH. 

The  SAE  AIR  1751  algorithm  uses  the  elevation  angle  and  the  lateral  distance  from  the 
flight  track  to  determine  the  attenuation  relative  to  air-to-ground  conditions.  The  original 
NOISEMAP  algorithm  uses  air-to-ground,  ground-to-ground  or  a  mixture  of  the  two 
depending  on  the  sine  of  the  angle  of  observation. 

The  sine  of  the  angle  of  observation  is  defined  as  the  arcsine  of  the  ratio  of  aircraft 
altitude  to  slant  distance.  Air-to-air  propagation  is  used  for  angles  with  the  sine  greater  than 
0.125  and  ground-to-ground  propagation  for  sine  less  than  0.075.  Interpolation  between  air- 
to-air  and  ground-to-ground  propagation  is  performed  for  intermediate  values  of  the  sine.  The 
difference  in  EPNL  corresponds  to  a  ratio  of  energies. 


B-6 


B.ll  ERRMSG 


PARAMETERS:  (I) 

Subroutine  ERRMSG  is  called  by  many  subroutines  to  print  an  error  in  the  output  file 
and  stores  the  page  number  on  which  the  error  occurs.  An  error  banner  is  printed  for  each 
error  and  the  page  number  is  compared  to  the  last  page  on  which  an  error  occurred.  If  another 
error  has  been  printed  on  this  page  then  no  action  is  taken.  However,  if  this  is  the  first  error  on 
this  page,  then  the  new  page  number  is  stored.  At  the  end  of  the  run,  subroutine  PRTERR  will 
print  a  summary  indicating  the  page  numbers  that  errors  occurred. 

B.12  FLPATH 

Subroutine  FLPATH  is  called  by  XFLIGH  to  merge  the  flight  track  with  the  applicable 
altitude  profile  resulting  in  the  division  of  the  flight  track  into  smaller  segments  that  correspond 
to  the  S-distances  (segment-distances)  of  these  profiles.  At  any  given  time,  the  point  with  the 
smallest  S-distance  along  the  flight  tack  or  the  altitude  profile  is  entered  into  the  flight  path. 

The  S-distance  pointer  of  the  most  recently  admitted  point  is  advanced.  Whenever  a 
point  is  admitted  into  the  flight  path,  the  attributes  of  that  point  such  as  the  altitude  are 
transferred  into  the  attribute  vectors  of  the  flight  path  by  calling  subroutine  ATRBUT.  The 
merging  process  is  terminated  as  soon  as  the  entire  S-distance  of  the  flight  track  is  covered. 

In  the  above  description,  "flight  track"  refers  to  the  projection  on  the  ground  plane  of 
the  flight  track  information  furnished  in  the  input  file.  The  "flight  path"  is  the  3-dimensional 
version  of  the  flight  track  which  also  incorporates  the  points  corresponding  to  the  S-distances 
of  the  altitude  profile. 

B.13  FLTEXP 

PARAMETERS:  (M,N) 

The  function  FLTEXP  is  called  by  CHERCH  to  compute  the  noise  exposure  at  a 
specific  grid  location  due  to  a  flyover.  The  coordinates  of  the  grid  point  (M,N)  are  found  in  the 
system  in  which  the  aircraft  nose  is  aligned  pointing  to  the  fwsitive  x-axis. 
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B.14  GREPNL 


PARAMETERS:  (I.J) 

The  function  GREPNL  is  called  by  GRUNUP  to  compute  the  noise  exposure  at  a 
specific  grid  point  due  to  a  ground  runup.  The  coordinates  of  the  grid  point  (I,J)  are  found  in 
the  coordinate  system  in  which  the  aircraft  is  aligned  pointing  towards  the  positive  x-axis  with 
the  niiiup  pad  at  the  origin.  From  this  location  the  angle  between  the  aircraft  and  line  of  sight  is 
computed.  Interpolation  between  the  available  angles  in  the  noise  data  will  give  the  desired 
exposure  which  is  then  corrected  for  the  duration  and  frequency  of  the  runups  at  that  pad. 

B.15  GRUNLP 

Subroutine  GRUNUP  is  called  by  PROCES,  SRUNUP  and  XRUNUP  to  update  the 
grid  with  EPNL  values  of  significance  due  to  ground  run-ups.  The  search  for  ^lid  points  of 
significant  EPNL,  i.e.,  above  a  given  threshold,  is  based  on  the  a  priori  knowledge  that  the 
resulting  pattern  approximates  the  shape  of  a  canioid.  Thus  the  search  is  bounded  by  the 
square  that  circumscribes  the  outermost  cartioid  pattern.  The  search  proceeds  along  the 
abscissa  form  one  venical  side  of  the  square  to  the  other.  In  the  vicinity  of  the  cusp  of  the 
cartioid,  it  is  possible  that  the  points  of  significance  on  either  side  of  the  cusp  might  be  ignored. 
To  avoid  this  o  6  2problem,  the  logical  flag  "TRAP"  indicates  whether  any  significant  point 
exists  at  a  given  ordinate  level.  Based  on  this  flag,  the  search  is  continued  or  terminated  in  that 
direction. 

B,16  INTLIZE 

Subroutine  INTLIZE  is  called  by  MAIN  to  initialize  various  items  which  are  required 
before  processing  can  commence.  The  DB  offsets  for  the  John  Mills  ground  runup 
calculations  are  initialized  and  the  lateral  attenuation  flag  is  turned  off  The  current  date  is 
obtained  from  the  computer  for  use  in  the  printed  output  file. 

B.17  LINESD 

PARAMETERS:  (AX,AY,AZ,BX,BZ,OX,OY,SLDIS,ELEV) 

Subroutine  LINESD  is  called  by  SFLTEX  to  compute  the  closest  point  of  approach 
between  a  line  segment  in  the  flight  path  and  an  observer.  Two  frames  of  reference  arc  used: 
frame  1  is  the  main,  grid  oriented  frame,  and  frame  2  is  the  frame  with  the  ooserver  at  the 
origin  and  the  flight  path  parallel  to  the  y-axis  and  the  x-axis  is  along  the  slant  distance  vector. 
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Calculations  are  performed  in  frame  2.  Actual  computations  are  a  mixture  of  trigonometry  in 
this  coordinate  system,  and  calculations  in  the  ground  plane. 

B.18  LINEX 

PARAMETERS: 

(AX,AY,AZ.BX,BY,BZ,AB,ABSQR.IA,IB.CHEAD,SHEAD,OX,OY,EXPOSE,SLDIS,CZ) 

Subroutine  LINEX  is  called  by  FLTEXP  and  SFLTEX  to  compute  the  noise  exposure 
integral  for  a  straight  flight  path  section  at  a  given  point.  Three  frames  of  reference  are  used  in 
the  calculations:  frame  1  is  the  main,  grid  oriented,  frame;  frame  2  is  the  frame  with  the 
observer  at  the  origin,  the  flight  path  parallel  to  the  y-axis  and  the  x-axis  is  along  the  slant 
distance  vector;  and  frame  3  is  the  auxiliary  frame  with  the  y-axis  parallel  to  the  flight  path  and 
the  origin  at  the  projection  of  the  slant  distance  vector  intersection  point.  Calculations  are 
performed  -  at  least  logically  -  in  frame  2  actual  computations  are  a  mixture  of  trigonometry  in 
this  coordinate  system,  calculations  in  the  ground  plane  and  vector  relationships  in  the 
coordinate  system  in  which  the  origin  is  at  the  observer  location,  but  which  otherwise  is 
parallel  to  the  grid-based  coordinate  system. 

B.19  NAMSCH 

PARAMETERS;  (MAP,MNIM1,MDIM2,NAME,NDIM1,XENTRY,C0DE) 

Subroutine  NAMSCH  is  called  by  XALTUD,  XEPNDB,  XFLIGH,  XFLTDS, 
XPNLT  and  XRUNPDS  to  search  the  appropriate  array  for  an  input  name  vector.  The  routine 
will  return  one  of  the  following  codes  to  the  calling  routine; 

Code  0  if  the  name  vector  is  equal  to  zero,  then  the  entry  points  to  the  scratch  area  (the 
last  element  in  the  array).  Code  1  if  there  is  an  empty  slot  in  the  array.  Code  2  if  the  name 
already  exists  in  ’he  array.  Code  3  if  a  phantom  entry  exists  (the  negative  of  the  namevector). 
Code  4  if  he  array  is  full. 

B.20  NEWPG 

PARAMETERS:  (LINE) 

Subroutine  NEWPG  is  called  by  numerous  subroutines  to  move  the  line  printer  to  the 
top  of  a  new  page  and  to  print  the  airfield  identifier  with  page  number  on  top  line  if  number  of 
lines  remaining  on  current  page  is  less  than  calling  argument  LINE.  If  the  number  of  lines 
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remaining  on  the  page  is  greater  than  LINE,  no  action  is  taken.  Otherwise,  the  line  count  is 
reset  for  a  full  page,  the  page  counter  is  bumped,  and  a  new  page  is  started.  If  LINE  is  zero, 
then  the  page  counter  is  set  to  zero  and  new  page  is  staned. 

B.21  PRELUD 

Subroutine  PRELUD  is  called  by  XFLIGH  to  calculate  the  neces.sary  parameters  for  the 
computation  of  flight  exposure.  It  computes  the  radius  of  curvature,  sine  and  cosine  of  the 
aircraft  heading  on  the  flight  path,  tangent  of  the  climb  angle  and  the  secant  of  the  climb  angle. 

B.22  PROCES 

Subroutine  PROCES  is  called  by  XRUNUP  and  X^LlGH  to  control  the  computations 
of  noise  exposure  at  grid  points  when  a  FLIGHT  or  RUNUP  card  is  encountered  by  calling  the 
appropriate  subprograms. 

B.23  PROCOR 

Subroutine  PROCOR  is  called  by  XFLIGH  to  compute  the  coordinate  information  for 
altitude  profiles  which  are  specified  at  given  distances  along  the  flight  track.  The  altitude 
profile  is  superimposed  on  the  flight  track.  For  the  terminal  point  of  each  segment  of  the 
profile,  it  locates  the  preceding  point  on  the  flight  track.  Using  the  coordinate  information  and 
the  analytical  head  of  the  point  on  the  flight  track,  it  then  computes  the  coordinates  of  the  end¬ 
point  of  the  segment  on  the  profile. 

B.24  PRTERR 

Subroutine  PRTERR  is  called  by  INTLZE  and  XEND.  When  called  by  INTLZE  the 
error  and  warning  counters  are  set  to  zero.  XEND  calls  PRTERR  to  print  error  statistics  at  the 
end  of  the  run.  A  new  page  is  started  and  if  any  errors  or  warnings  were  detected  the  page 
number(s)  where  these  errors  occurred  are  listed  for  easy  reference.  Up  to  200  pages  of 
warnings  and  up  to  56  pages  may  have  errors  on  them  before  the  program  stops  keeping  track 
of  the  page  number  that  the  error  or  warning  occurred  on.  Beyond  that  point  only  the  number 
of  errors  will  be  the  counted. 
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B.25  PRTGRD 


Subroutine  PRTGRD  is  called  by  SIMCHK  to  print  the  NOISEMAP  grid  values.  Only 
grid  values  greater  than  or  equal  to  the  threshold  are  printed;  all  values  less  than  the  threshold 
are  blank. 

B.26  PSUMRY 

Subroutine  PSUMRY  is  called  by  XEND  to  print  the  summary  listings  for  specific 
points  if  specific  point  processing  is  requested.  Two  li.stings  are  printed  for  each  specific  point: 
the  first  listing  contains  the  top  18  aircraft  contributors  and  the  second  listing,  the  top  18  runup 
contributors. 

B.27  RDCARD 

Subroutine  RDCARD  is  called  by  MAIN,  SELECT  and  SIMCHK  to  read  individual 
records  in  the  input  file  and  to  place  them  into  the  input  buffer.  If  the  record  has  a  continuation 
card  then  the  alternate  entry  point  "NXTCRD"  is  called  from  the  routine  processing  the  first 
record.  If  the  record  is  a  comment,  then  it  is  printed  unless  the  printing  of  comments  is 
suppres.sed. 

B.28  RJCHAR 

PARAMETERS:  (UCHAR.OUTCHR) 

Subroutine  RJCHAR  is  called  by  UPFLSP  to  right  justify  the  character  variable 
LJCHAR  for  the  specific  point  output  summary. 

B.29  RUDATA 

PARAMETERS:  (lAlRCR.ITHRST) 

Subroutine  RUDATA  is  called  by  XRUNUP  to  locate  the  maximum  noise  level  curves 
for  the  ground  runup  of  aircraft  lAIRCR  and  thrust  ITHRST.  Array  "RDMAP"  is  searched  for 
valid  combinations  and  array  "MNLMAP"  is  searched  to  see  if  the  required  noise  profile  is 
available.  If  the  requested  data  is  not  available  an  error  is  generated  and  the  program  will 
attempt  to  make  a  dummy  entry  to  reserve  space  for  the  missing  item. 
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B.30  SELECT 


Subroutine  SELECT  is  called  by  SIMCHK  to  select  the  noise  measure  that  will  be 
computed  by  NOISEMAP.  The  following  types  of  noise  measures  can  be  computed  by 
NOISEMAP: 

1 .  Day-Night  Average  Level  (DNL) 

2.  Community  Noise  Equivalent  Level  (CNEL) 

3 .  Noise  Exposure  Forecast  (NEF) 

4.  Weighted  Equivalent  Continuous  Perceived  Noise  Level  (WECPNL) 

The  default  noise  measure  is  the  Day-N:ght  Average  Level.  If  the  noise  measure  is  changed 
from  the  default,  then  the  appropriate  noise  profile  mnemonics  and  weighting  functions  are 
reset  to  the  appropriate  values. 

B.31  SFLTEX 

Subroutine  SFLTEX  is  called  by  PROCES  to  compute  the  noise  exposure  due  to 
aircraft  flyover  at  specific  points  within  the  area  bounded  by  the  NOISEMAP  grid.  The 
coordinates  of  the  specific  points  are  found  in  the  coordinate  system  in  which  the  aircraft  is 
aligned  pointing  towards  the  positive  x-axis.  From  this  the  angle  between  aircraft  and  the  line 
of  sight  is  computed.  Interpolation  between  the  available  angles  in  the  noise  data  set  will  give 
the  desired  exposure. 

B.32  SGREPN 

PARAMETERS:  (IS) 

Subroutine  SGREPN  is  called  by  SGRUNP  to  compute  the  noise  exposure  due  to  a 
ground  runup  at  specific  point  IS.  The  coordinates  of  the  specific  points  are  found  in  the 
coordinate  system  in  which  the  aircraft  is  aligned  pointing  towards  the  positive  x-axis  with  the 
runup  pad  at  the  origin.  From  this  the  angle  between  aircraft  and  line  of  sight  is  computed. 
Interpolation  between  the  available  angles  in  the  noise  data  set  will  give  the  desired  expiosure 
which  is  then  corrected  for  the  duration  and  frequency  of  the  runups  at  that  pad. 

B.33  SGRUNP 

Subroutine  SGRUNP  is  called  by  PROCESS  to  compute  ground  runup  contributions  at 
each  specific  point. 
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B.34  SIMCHK 


Subroutine  SIMCHK  is  called  by  MAIN  to  check  the  input  record  for  a  sequence- 
independent  mnemonic,  and  to  process  that  card.  This  routine  assumes  all  sequence-dependent 
mnemonics  have  previously  been  checked.  If  the  mnemonic  is  not  matched,  then  routine 
SELECT  is  called  in  a  last  attempt  to  identify  the  mnemonic.  If  a  match  for  the  mnemonic  is 
not  found  in  SELECT  then  an  error  is  issued  by  SELECT. 

B.35  SPRUNU 

Subroutine  SPRUNU  is  called  by  SFLTEX  to  calculate  the  noise  contribution  due  to 
takeoff  roll  for  specific  point  noise  level  calculations.  Two  different  lateral  attenuation  methods 
are  used  to  calculate  the  takeoff  roll  contributions  depending  on  the  status  of  the  flag  FLTSAE. 
If  FLTSAE  is  "TRUE"  then  SAE  AIR  1751  algorithm  is  used;  if  it  is  "FALSE"  then  the 
original  NOISEMAP  algorithm  is  used. 

B.36  SRUNUP6 

Subroutine  SRUNUP  is  called  PROCES  to  calculate  the  noise  level  due  to  takeoff  roll 
for  all  takeoffs  for  use  in  updating  the  grid.  Two  different  lateral  attenuation  methods  are  used 
to  calculate  the  takeoff  roll  contributions  depending  on  the  status  of  the  flag  FLTSAE.  If 
FLTSAE  is  "TRUE"  then  SAE  AIR  1751  algorithm  is  used;  if  it  is  "FALSE"  then  the  original 
NOISEMAP  algorithm  is  used. 

B.37  SUPPAG 

PARAMETERS;  (CUT0FF,NBASE,IW1DTH,I1 ,12) 

Subroutine  SUPPAG  is  called  by  CPAREA  and  PRTGRD  to  determine  the  first  page 
from  the  top  (II)  to  the  bottom  (12)  which  contains  a  value  greater  than  or  equal  to  a  CUTOFF 
in  a  vertical  set  of  pages  from  a  printer  plot. 

B.38  TIMER 

Subroutine  TIMER  is  called  by  XRUNUP  to  check  the  accumulated  ground  runup  time 
against  the  total  number  of  seconds  in  the  day  and  night  periods. 
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B.39  TIPAGE 


Subroutine  TIPAGE  is  called  by  XAIRFL,  XEND  and  PRTERR  to  write  the  title  page 
on  the  Chronicle  listing.  The  call  from  XAIRFL  writes  the  title  page  at  the  beginning  of  the 
Chronicle  lifting  and  the  call  from  either  XEND  or  PRTERR  writes  the  title  page  at  the  end  of 
the  Chronicle  listing. 

B.40  TURNEX 

PARAMETERS:  (R.RSQ,PHI,RTGB,  RTGBSQ,SECBET,ADJQ,ADJT,OBSX,OBSY 
CHEAD,SHEAD,CENTX,CENTY,OZ,EXPOSE,SLDIS.ELEV) 

Subroutine  TURNEX  is  called  by  FLTEXP  and  SFLTEX  to  compute  the  noise 
exposure  integral  and  slant  distance  for  a  curved  flight  track  segment.  The  observer  point  is 
transformed  to  a  position  in  frame  of  reference  where  the  center  of  curvature  of  the  flight  track 
is  at  the  origin  and  the  radius  vector  connecting  the  center  and  the  first  point  on  the  O'ack  is 
along  the  positive  x-axis.  The  integral  is  then  evaluated  and  a  slant  distance  is  computed.  3.41 
UPFLSP  (IS.FLEXPO) 

Subroutine  UPFLSP  is  called  by  SFLTEX  to  update  the  arrays  (CFSMRY  and 
FSMRY)  containing  the  most  significant  flight  events  for  each  location  IS  with  the  noise 
exposure  level  FLEXPO. 

B.42  UPRUSP 

PARAMETERS:  (IS,RNPEPN) 

Subroutine  UPRUSP  is  called  by  SGRUNP  to  update  the  arrays  (CRSMRY  and 
RSMRY)  containing  the  most  significant  runup  events  for  each  location  IS  with  noise  exposure 
level  RNPEPN. 

B.43  WRNMSG 

PARAMETERS:  G) 

Subroutine  WRNMSG  is  called  by  numerous  subroutines  to  print  a  warning  identifier 
and  to  store  the  page  number  on  which  a  warning  occurred.  A  warning  banner  is  printed  and 
the  page  number  is  compared  to  the  last  page  on  which  a  warning  occurred.  If  the  page 
number  is  the  same  no  action  is  taken.  However,  if  the  page  number  is  different  and  space  is 
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available  in  PAGE,  then  it  is  sorted;  otherwise  the  number  of  warnings  since  PAGE  was  filled 
up  is  kept.  Subroutine  PRTERR  will  print  this  information  at  the  end  of  the  run. 


B.44  XAIRFL 

Subroutine  XAIRFL  is  called  by  MAIN  to  initialize  the  airfield.  The  routine  reads  the 
airfield  coordinates,  magnetic  declination,  airfield  elevation,  grid  spacing  and  the  direction  of 
declination  from  the  first  Airfield  card.  The  airfield  title  is  then  read  from  the  second  Airfield 
card  and  the  title  page  is  written  in  the  Chronicle.  The  input  data  is  then  checked  for  errors.  An 
altitude  correction  factor,  ALTCOR,  is  computed  using  the  airfield  elevation. 

B.45  XALTUD 

Subroutine  XALTUD  is  called  by  SIMCHK  to  enter  an  altitude  profile  name  into  array 
ALTMAP  and  the  altitude  profile  distance  and  altitude  values  into  arrays  ALTXC  and  ALTZC 
respectively.  The  profile  data  is  checked  for  errors. 

B.46  XAREA 

Subroutine  XAREA  is  called  by  SIMCHK  to  calculate  approximate  areas  within  the 
specified  contours. 

B.47  XECHO 

Subroutine  XECHO  is  called  by  SIMCHK  to  select  the  expansion  mode  for  printing  the 
noise  profile  data  sets  in  the  Chronicle.  Unless  an  ECHO  card  is  used,  printing  of  the  SEL  and 
AL  noise  profile  data  sets  are  suppressed  by  default.  The  "NOECHO"  flag  is  set  FALSE  if  an 
ECHO  card  is  processed. 

B.48  XEND 

Subroutine  XEND  is  called  by  SIMCHK  to  initiate  program  termination  procedures 
when  an  END  card  is  processed.  This  routine  creates  a  disk  file  for  the  NOISEMAP  grid  for 
use  in  the  PLOTT88  program  or  to  create  a  grid  printout  on  the  printer.  Subroutine  PRTERR 
is  called  to  print  the  error  summary,  subroutine  PSUMRY  is  called  to  prepare  the  specific  point 
summary  and  subroutine  TIPAGE  is  called  to  print  a  title  page  on  the  last  page  in  the 
Chronicle. 
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B.49  XEPNDB 


Subroutine  XEPNDB  is  called  by  SIMCHK  to  enter  the  aircraft  flyover  noise  profile 
data  generated  by  the  OMEGA  10  program.  The  profile  name  is  entered  in  array  INLMAP. 
The  air-to-air  data  is  entered  in  array  INLAG  and  the  ground-to-ground  data  in  array  INLGG. 
The  data  can  be  entered  in  either  order  although  the  air-to-air  data  is  normally  entered  first.  If 
the  noise  profile  name  identifier  (IDENT)  already  exists  in  array  INLMAP,  then  the  existing 
entry  will  be  overwritten.  Noise  levels  are  limited  to  +  or  -  200  db. 

B.50  XFLIGH 

Subroutine  XFLIGH  is  called  by  MAIN  to  process  a  FLIGHT  card  and  check  for  the 
presence  of  the  associated  noise  information,  culminating  in  the  augmentation  of  the  grid  with 
the  flight  exposure  resulting  from  that  flight.  For  the  aircraft  and  mission  numbers  specified  on 
the  FLIGHT  card,  identifiers  of  the  noise  profiles  are  obtained  from  the  flight  descriptor  array, 
FDMAP.  The  presence  of  these  profiles  is  then  checked.  If  subflight  boundaries  do  not 
coincide  with  end-points  of  flight  track  segments,  the  latter  are  subdivided  to  meet  this 
criterion.  After  the  creation  of  the  merged  flight  path,  a  dope  vector  (INLPNO)  is  set  up 
containing  the  noise  profile  numbers  to  be  used  for  the  segments  within  a  subflight.  Finally 
subroutine  PROCES  is  called  to  update  the  grid. 

B.51  XFLTDS 

PARAMETERS:  (INFLG) 

Subroutine  XFLTDS  is  called  by  SIMCHK  to  enter  flight  descriptor  data.  The  flight 
descriptor  identification  name  is  stored  in  array  FDTEXT.  The  value  of  INFLG  determines 
whether  the  entry  is  a  takeoff  or  landing  descriptor:  a  one  (1)  signifies  a  takeoff  descriptor  and 
a  two  (2),  a  landing  descriptor.  FDMAP  contains  the  aircraft  number,  mission  number, 
number  of  subflights  and  the  altitude  profile  number.  The  noise  profile  name  for  the  subflights 
are  entered  in  array  FLPLST  and  the  beginning  and  end  subflight  distances  are  entered  in  array 
FLDLST.  If  the  flight  descriptor  name  identifier  (IDENT)  already  exists  in  array  FDMAP, 
then  the  existing  entry  will  be  overwritten.  If  waming(s)  or  error(s)  are  printed,  then  data  is 
not  entered. 
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B.52  XFLTTR 


Subroutine  XFLTTR  is  called  by  MAIN  to  compute  the  coordinates  of  the  end-points 
of  the  segments  on  the  flight  track  furnished  by  the  user.  Coordinates  of  the  end-point  of  a 
straight  line  segment  are  computed  by  using  the  coordinates  of  the  starting  point  and  the 
segment  length  coordinate  computation  of  the  end-points  of  curved  segments  is  accomplished 
in  subroutine  CRVTRK.  All  data  appearing  on  the  FLTTRK  card  is  echoed  in  the  Chronicle 
listing  and  checked  for  errors. 

B.53  XNAVAI 

Subroutine  XNAVAI  is  called  by  SIMCHK  to  enter  navigational  aids.  The  navaid 
identifier  is  entered  in  array  VORNME  and  the  x  and  y  coordinates  are  entered  in  array 
VORMAP.  The  navaid  name  is  checked  against  currently  known  names  in  array  VORNME. 

B.54  XPNLT 

Subroutine  XPNLT  is  called  by  SIMCHK  to  enter  the  ground  runup  noise  profile  data 
generated  by  OMEGA  11.  The  noise  profile  name  is  entered  in  array  MNLMAP.  The  angle 
data  is  stored  in  array  MNLANG  and  the  noise  data  is  stored  in  array  MNLVL.  If  the  PNLT 
profile  name  (IDENT)  to  be  entered  matches  an  ident  already  in  array  NMLMAP,  then  existing 
entry  will  be  overwritten.  If  warning(s)  or  errors  are  printed,  then  data  is  not  entered.  An 
entry  N  is  deleted  by  setting  MNLMAP  (1,N)  equal  to  zero.  Noise  levels  are  limited  to  +  or  - 
200  db 

B.55  XPROCE 
PARAMETERS;  (LFLG) 

Subroutine  XPROCE  is  called  by  SIMCHK  to  set  the  program  processing  status  flag 
NOGO  either  "TRUE"  or  "FALSE"  depending  on  the  value  of  the  argument  LFLG.  LFLG  is 
"TRUE"  for  a  "PROCES"  card  and  "FALSE"  for  a  "NOPROC"  card.  The  program  cannot 
enter  the  process  mode  if  the  error  flag,  ERRFLG,  has  previously  been  set  to  "TRUE."  The 
flag  NOGO  is  initialized  "FALSE"  in  the  BLOCK  DATA  subroutine. 

B.56  XRNPDS 

Subroutine  XRNPDS  is  called  by  SIMCHK  to  enter  runup  descriptors.  The  descriptor 
name  is  stored  in  array  RUTXT.  The  aircraft  identification  number  and  thrust  number  are 
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entered  in  RDMAP  and  the  PNLT  profile  name  is  entered  in  array  RUPLST.  If  the  aircraft 
identification  number  and  thrust  number  to  be  entered  matches  an  existing  entry  in  RDMAP, 
then  existing  entry  will  be  overwritten.  If  waming(s)  or  error(s)  are  printed,  then  data  is  not 
entered. 

B.57  XRNPPA 

Subroutine  XRNPPA  is  called  by  MAIN  to  initialize  a  ground  runup  pad.  The 
subroutine  transforms  the  external  runup  pad  coordinates  to  internal  coordinates,  XPAD  and 
YPAD,  the  time  accumulators  (TIMOFL)  for  the  runup  pad  are  set  to  zero  and  the  runup  pad 
heading  is  converted  to  a  magnetic  heading  if  the  input  heading  is  a  true  heading. 

B.58  XRUNUP 

Subroutine  XRUNUP  is  called  by  the  MAIN  program  to  compute  noise  exposure  for 
all  runups  at  a  given  pad,  of  a  given  class  of  aircraft  and  at  a  given  thrust.  Subroutine 
RUDATA  is  called  to  make  sure  that  the  aircraft  identification  number  and  thrust  numbers  are 
available  for  the  calculations.  The  runup  times  are  read  from  the  "RUNUP"  card  and  summed 
for  all  time  groups  (day,  evening  and  night)  and  then  checked  in  routine  TIMER  to  ensure  they 
do  not  exceed  the  total  number  of  seconds  in  a  day.  Subroutine  PROCES  is  then  called  to 
initiate  the  noise  exposure  computation.  Specific  points  and  the  grid  are  then  updated  with  the 
noi.se  exposure  due  to  this  ground  runup. 

B.59  XRUNWA 

Subroutine  XRUNWA  is  called  by  the  MAIN  program  to  screen  and  process  the  data 
appearing  on  the  "RUNWAY"  card.  The  runway  coordinates  are  transformed  into  the  internal 
coordinates  XBEG,  YBEG,  XEND  and  YEND.  The  runway  length  (RWYLEN)  is  computed 
and  checked  to  make  sure  it  dose  not  exceed  16,000  feet.  The  inclination  angle  of  the  runway 
is  also  calculated.  The  runway  glide  slope  (GSLOPE)  and  the  location  of  the  landing  and 
takeoff  thresholds  are  read  from  the  input  file  and  processed  by  XRUNWA.  The  coordinates 
of  the  landing  threshold  (XLAND  and  YLAND)  and  the  takeoff  threshold  (XTO  and  YTO)  are 
calculated.  Data  appearing  on  the  "RUNWAY"  card  is  echoed  in  the  Chronicle. 

B.60  XSAELA 

Subroutine  XSAELA  is  called  by  SIMCHK  to  service  the  "SAELAT"  card.  The 
SAELAT  card  determines  which  algorithm  will  be  used  to  compute  lateral  attenuation:  the 
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or'»inal  NOISEMAP  algorithm  or  the  SAE  1751  algorithm.  If  the  SAELAT  algorithm  is 
turned  on,  the  logical  flag  FLTSAE  is  set  "TRUE"  and  the  SAE  lateral  attenuation  algorithm  is 
used  on  a  selective  basis  for  only  those  flights  whose  aircraft  identification  numbers  lie  within  a 
specified  range.  If  ranges  are  not  specified  on  the  SAELAT  card  then  the  default  range  is 
aircraft  800  through  999  which  are  the  current  numbers  for  the  civil  fleet. 

B.61  XSPECI 

PARAMETERS:  (MODE) 

Subroutine  XSPECI  is  called  by  SIMCHK  to  enter  or  list  specific  point  and  to  turn 
specific  point  processing  on  or  off  depending  on  the  value  of  the  argument  MODE.  If  MODE 
equals  one  (1)  then  the  subroutine  processes  the  name  and  the  x  and  y  coordinates  of  the 
specific  location  at  which  the  LDN  levels  are  to  be  calculated.  The  external  coordinates  are 
converted  to  internal  coordinates  SPX  and  SPY.  If  MODE  equals  two  (2)  then  all  the  specific 
points  are  listed.  If  MODE  equals  three  (3)  then  the  specific  point  proce.ssing  flag,  SFLAG,  is 
set  "TRUE"  and  noise  exposure  is  calculated  for  all  specific  points  even  if  the  program  NOGO 
flag  is  "TRUE."  If  MODE  equals  four  (4)  then  SFLAG  is  set  "FALSE"  and  no  noise  exposure 
calculations  are  performed  for  specific  points. 

B.62  XTOROL 

Subroutine  XTOROL  is  called  by  SIMCHK  v'henever  a  "TOROLL"  card  is 
encountered  to  enable  or  disable  the  takeoff  roll  algorithm.  The  takeoff  roll  algorithm  is 
enabled  by  default.  The  takeoff  roll  logical  flag  "TORFLG"  is  set  true  in  subroutine  BLOCK 
DATA.  The  takeoff  roll  algorithm  is  disabled  when  the  first  landing  is  processed.  The  MCM 
will  issue  a  "TOROLL  OFF"  for  a  landing  descriptor.  After  the  first  landing  descriptor  is 
processed,  the  MCM  will  issue  "TOROLL  ON"  for  takeoffs  and  closed  patterns  and  "TOROLL 
OFF"  for  landings. 

B.63  XUNITS 

Subroutine  XUNITS  is  called  by  SIMCHK  to  establish  the  unit  of  measure,  English  or 
Metric,  that  will  be  u.sed  by  the  program  for  internal  calculations  and  on  the  output  devices. 
English  units  (feet)  are  used  in  the  input  file  and  if  "METRIC"  is  entered  on  the  "UNITS"  card, 
then  the  scaling  factor,  DISFAC,  is  set  equal  to  3.280840  to  convert  feet  to  meters.  The 
propagation  distances  in  array  DISTT  are  convened  to  meters  if  the  METRIC  mode  is  invoked. 
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The  program  default  mode  is  English  units.  If  a  "UNITS"  card  does  not  contain  the  words 
"ENGLISH"  or  "METRIC"  then  an  error  message  is  issued. 

B.64  BLOCK  DATA 

The  purpose  of  the  BLOCK  DATA  subroutine  is  to  initialize  variables  in  the  labeled 
common  blocks. 
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